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INTRODUCTION

The philosophy and general requirements for an Apollo Part Task

Trainer are set forth in this document. The primary purpose of the Part

Task Trainer is to make available the means for the Apollo crew to practice

operational procedures which include manual tasks. The design of the Part

Task Trainer is intended to include the simulation of the Apollo spacecraft

with sufficient realism to permit the crew to train in the several task

requirements during actual missions.

The Apollo program does not lend itself to in-flight training, conse-

quently, extensive training must be accomplished prior to actual flight.

Categorically, the Part Task Trainer is designed to provide procedures

training as associated with the crew integrated tasks in spacecraft

-nanagement.

Expected modifications of actual equipment will affect training

equipment. The Part Task Trainer design requirements reflect the need for

up-dating the trainer equipment, to provide the proper training environment.

The trainer will be of exceptional value where considerable repetitive training

exercises are required. Features of adaptability designed in the Part Task

Trainer to meet with changing task requirements permit the training of an

individual crew member, as well as integrated crew training.

Selected mission segmented training procedures incorporated in the
Part Task Trainer will have an associated and realistic malfunction insertion

program, typical of the type of malfunctions which would be experienced in

the actual spacecraft. Associated evaluation of crew response to malfunctions

will be provided by the computing equipment and the instructor-operator
personnel.

Automatic evaluation equlpment is not specified in this report. The

computer complex will be designed so that expansion can include automatic

evaluation equipment if required. To permit real time evaluation two

8-channel recorders, as well as any special additional instrumentation that

may be required for evaluation of the task, will be supplied. The trainer

will have the flexibility to select and re-select misszon segment procedures

training problems at the option of the instructor-operator personnel.

SID -Z_t438



The Part Task Trainer will require at least one insLructor ancl one

computer program operator. Additional instructors are required depending

on the objective of the training session. Instructor requirements based on

the number of crew members and the tasks being practiced are indicated in

Appendix A. These requirements are based on normal task situations.

Problem situations concerning operations, navigation, and system mal-

functions will require at most three instructors and one computer program

operator.

Primary control of the trainer will be exercised at the instructors'

station, with associated computer program control being directed by the

instructor-operator station. The over-all operation and training program

implementation will be under the direction of the control station equivalent

position at the instructors' station.

Visual simulation equipment will be included in the Part Task Trainer

to allow the crew to proceed with task training required for management of

the Apollo spacecraft. Primarily, visual simulation will consist of equipment

necessary for Navigation Task Training. Certain other selected tasks will

be included, depending upon cost and task requirements.

Aural simulation equipment will be included to re-create the spacecraft

noise level environment, and interrupt noise events. Aural cue simulation

due to crew action will provide a realistic environmental man-machine

association. Human engineering studies currently being developed in the

actual Apollo spacecraft will be utilized to provide identification of required

training for the crew in the Part Task Trainer.

-2 -
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I. TRAINER TASK REQUIREMENTS

The Apollo Part Task Trainer wil] provide a means to accomplish

procedures training objectives. Particular crew tasks associated with Apollo

missions will require extensive simulation exercise for crew survival and

mission success. The Apollo Part Task Trainer will also provide training

for the Apollo crew in the development of spacecraft flight procedures and

management to develop the manual skills of the crew.

The Apollo Part Task Trainer will provide spacecraft management

procedures training in the tasks associated with the following mission phases:

(I) Launch (3) Midcourse

(2) Earth Orbit (4) Reentry

This procedures training will be directed toward familiarization and

integration of the spacecraft crew control actions with the Apollo systems,

displays, and controls. The Apollo Part Task Trainer will provide a means

for the crew to perform the operational sequences reqmred for the actual

spacecraft task exercises and management.

The Part Task Trainer will provide real-time simulation of selected

sections of the total mission. In addition, procedures training will be

provided in the launch and reentry phases. Task and procedures training

will be provided also over small, selected segments of the earth-orbit and

mid-course phases.

TRAINER EQUIPMENT AND SYSTEMS

The Part Task Trainer is composed of major equipment sections with

associated tie-in equipment to provide a complete training complex. The

n_ajor equipment sections will include:

I. Command Module

Z. Digital Computer

3. Analog Computer

3

SIF) 62.- 14 _
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4. Instructors Console

5. Associated Support equipment

6. Major Subsystems

These equipments will be associated to produce a simulation training

facility as depicted in Figure I. Associated with the major eqmpment sections

will be systems and subsystems simulation equipment, which will be developed

to properly simulate the spacecraft systems and subsystems, as well as the

associated support equipment unique to the Part Task Trainer. These

equipment groups will provide the capability for trainer operation and

problem control. Figure 2 is a block diagram of the trainer complex.

Command Module

The Command Module will contain control and display panels similar

to those in the Apollo spacecraft. The displays in the Command Module will

be controlled by the computing eqmpment; however, associated control and

particular override controls will be provided at the instructors' console.

Displays associated with tasks involving a high degree of manual skill

shall be perceptually identical in accuracles and response to those in the

actual spacecraft. Inactive displays are those under the complete manual

control of the instructor, and they will have identical scale ranges and

appearance as those of the Apollo spacecraft.

With reference to Figure 3, active controls and inactive controls will

be designated according to their pertinent function within the mission segment

selected for procedures training simulation.

From the Command Module, the crew will actively control the simulated

spacecraft provided by the computer simulation equipment.

Dig_it a 1,__Co m.p u t i ng, E_uipment

Digital computing equipment is provided to perform the necessary

control and iterative computing operations to provide a real-time simulation

of selected segments of the Apollo mission. The primary functions will

include :

I. Execute Training Programs

2. Control Analog Computer

3. Generate Training Data and [)isplays

5It) oZ- _ 4-38
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Analog Computing Equipment

Analog computing equipment will be provided for the stmutation of the

rotational characteristics of the spacecraft. In addition, analog equipment

will be required for support equipment unique to the trainer required program

selection and control. The primary functions will include:

1. Attitude Control

g. Reentry Simulation

3. Analog Displays

instructor Console

The instructors' console wilt provide the instructor-operator control

of training problem implementation. The instructor-operators will be

required to provide the following:

1. Introduce into the trainer complex the required training program
initiaI conditions.

2. Monitor, advise, instruct, and create conditions with regard to

training schedules.

3. Alter training programs to provide re-training or extended training
for the crew.

4. Recognize problem areas in procedures training, and provide

information for re-programming of training schedules.

With a reference to Figure 4, the instructors' console will provide the

instructor-operators with necessary associative support equipment to imple-

ment training schedules on the Apollo Part Task Trainer.

Associated Support Equipment

The associated support equipment for the hybrid computer employed
for the Part Task Trainer includes:

1. Digital computer programming and support equipment

g. [nstructors' console problem set-up and control equipment

11 -
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CENTER CONSOLE

i

B3

LH

i

UUU
CONTROL CONTROL SYSTEM

STATION STATION MANAGEMENT

STAT ION

L.H. CONSOLE

B1 - INSTRUCTORS' CONSOLE MASTER CONTROL & C/O PANELS

B2 - SET UP CONTROLS 8, C/M L.H. CONSOLE REPEATER INSTRUMENTS

CENTER CONSOLE

B'3 - MAIN CONTROL PANEL (C/M) REPEATER NSTRUMENTS

ll4 - MALFUNCTION CONTROL PANEL

R.H. CONSOLE

B5 - C/M R.H. CONSOLE REPEATER INSTRUMENTS & CIRCUIT BREAKERS

B6 - LOWER EQUIPMENT BAY (C/M) GUIDANCE & NAVIGATION

B7 REPEATER INSTRUMENTS

Figure 4. Instructors' Console

]2 -
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3. Command Module crew controlled support equipment

4. Power supply and power conversion equipment

This equipment will be identified concurrent with design definition.

Major Subsystems

Major subsystems to be employed as an integral part of the Part Task
Trainer include:

1. Visual cue simulation equipment

2. Aural cue simulation equipment

3. Trainer communication system,:-"

These subsystems witl be associated physically with the other trainer

equipment sections. The visual cue system will provide a visual simulation

of the sextant and telescope. The aural cue system will provide sound effects

due to rocket engines, reactibn jets, and other discernible noises. The

communication system will provide for voice transmission between instructor-

operator stations and crew stations. A perspective drawing of the trainer

complex is presented in Figure 5.

RELIABILITY

To assure attainment of reliability requirements for the Apollo Part

Task Trainer, considerations, studies, and design principles as outlined
below shall be undertaken.

Reliability Program Considerations

A reliability program for the Part Task Trainer shall be utilized that

recognizes the concept of inherent reliability of design, i.e., that reliability

is limited by the design, and that effort must be concentrated early in the

design phase. Emphasis and effort shall be placed on those activities

necessary to assure retention of reliability during manufacturing, develop-

ment testing, and operational demonstration and use phases. Where demon-

stration of reliability is specifically stated, such statements shall include

an accompanying statement of the co_ridence level to which the reliability will
be demonstrated.

':"This equipment will be GF't:;.

{ _,
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l_eliability Requirement Studies

Preliminary and continuing studies to validate specific requirements

sha]l be undertaken and form the basis for revising the quantitative reliability

requirements for the Part Task Trainer Subsystems, assemblies, and parts.

Apportionment of reliability shall be accomplished by analyzing the importance

(effect of failure) of the trainer elements, complexities and functions including

alternate modes of operation. Progresslve reliability goals shall be

established for each :najor phase of the Development Program and review

points shall be specified. The detailed approach used in defining require-

ments and establishing feasibility shall be appropriately covered in the

program description and subsequent periodic reports.

Reliability Design Principles

Reliability design principles shall include provisions to assure that

reliability principles are considered in the design. Some examples are as

Lollows:

I. Failure analysis concerning mode, probable cause,

failure

2. Standardization of design and parts

3. Simplification of design

4. Assessment of state-of-the-art

5. Trade-offs of parameters

6. Derating of parts

7. Redundancy for greater reliability

8. Maintainability

9. Producibility

10. Ease of operation

] I. Ease of transportation

12. Ease of inspection

13. Safety margins

and effect of

SID 6Z- 1438
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14. Human engineering

15. Operational environment

16. Calibration

SID 62- ]438
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II. TRAINER CAPABILITIES

In this section the training capabilities of the Apollo Part Task Trainer

will be discussed.

ABORT SIMULATION

During the prelaunch countdown, two types of abort can occur: (]) an

abort that requires firing of the launch escape tower engine and (2) an abort

that sin_ply requires shutdown. Both can be simulated in the Apollo Part

Task Trainer. The first type of abort will be sinqulated up to the time at

which the drogue chute is deployed. The displays presented to the crew

during this maneuver will be relatively simple, and will ernphasize event

sequenc.es rnore than the dynamics of the situation.

Several kinds of aborts can occur from lift-off to orbital insertion.

These aborts can be classified in several ways, e°g., atmospheric and post-

atmospheric. For all practical purposes, a post-atmospheric abort is

defined to be one which occurs after escape tower jettison. Such aborts will

be made in the spacecraft using the Service Module engine; the Command

Module and Service Module remain together during the early part of this type

of abort. The abort simulation will require that the Command Module and

Serwce Module be separated and the Command Module be aligned for reentry.

The trainer will provide a continuous and realistic simulation of the event

sequence from the abort through alignment for reentry. The switch-over to

reentry mode can be made at this time, and a continuous simulation rnade

through drogue chute deployment.

Atmospheric aborts under this classification will involve use of the

esdape tower. These aborts differ widely insofar as aerodynamics is con-

cerned, but for the purposes of trainer simulation they can be grouped

together. The sequence of events that occurs after such an abort has been

initiated will be simulated. The abort trajectory data will be preprogrammed

into the colnputer.

During reentry, abort conditions which require a switch-over to the

manual reentry guidance mode will be simulated. The dynamics of the manual

control will be simulated to the extent required to give the crewmernber a

true representation for the effect of his control operations.

..... •7L
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SPECIAL FAILURES

Reentry (Manual Mode)

During the reentry section of the mission, the crew will be primarily

concerned as to whether or not the manual reentry guidance mode should be

selected. Because of this, emphasis will be given for simulating malfunctions

in _he stabilization and control system and the guidance and navigation system.

Malfunctions in the G&N and SCS systems can be quite critical during

entry. Considerable experience (i.e., training) will be required to enable

the crew members to quickly detect critical malfunctions in these systems.

The training can best be accomplished through a faithful simulation of the

entry phase of the mission. With this simulation capability built into the

trainer, it will be possible to initiate varied malfunctions and duplicate the

corresponding indications that would occur in flight. A complete and

sufficiently accurate simulation of this mission phase will allow inserted

malfunctions to propagate naturally and produce the required indications.

SIMULATED MALFUNCTIONS

A limited capability will be provided to malfunction all systems appli-

cable to the Apollo Part Task Trainer. These systems are:

I. Stabilization and Control

2. Guidance and Navigation

3. Propulsion

4, Communication

5. Environmental Control

6. Electrical Power

7. Launch Escape

8. Earth Landing

It is not physically possible to introduce all conceivable malfunction

and failure conditions and combinations thereof as such could occur at any

point in the Apollo mission. In spite of this, training must be provided to

assure the development of the crew's ability to successfully recognize,

correct, or otherwise overcome and or nullify the effects of all malfunction-

ing where such action is possible.

_0 -
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Simulated iailure situations will be determined from a criteria based

upon the characteristics of integrated systems and the crew's ability to cope

with these situations which have varying dearees.,, of task difficulty.

Criteria for the selection of specific malfunctions for use in trainin_
are as follows:

I. Criticality in terms of mission success

2. Probability of occurrence during an a_:tual mission on the basis of

systems reliability

3. Applicability to general training req_r[rements

Malfunctions inserted into the Stabilization and Control System will be

allowed to propagate throughout the system. Since this system will be simu-

lated with a high degree of realism, complex failure situations can be pre-

sented and studied for crew training purposes.

Malfunctions inserted into the Guidance and Navigation System do not

propagate through the system. Their effects result only in an out-of-

tolerance error indication which will have been predetermined and will be

presented according to a rigid plan.

Failure situations will provide the crew with practice in the following
tasks:

i. Detecting malfunctions

g. Isolating and correcting malfunctions (limited)

3. Reporting the occurrence of a malfunction and its effec_ upon the

various systems

4. Performing emergency procedures

5. Performing abort procedures

Malfunction Insertion

All simulated malfunctions will be initiated by the instructor. When

mare than one instructor is present, only one will control the insertion of

malfunctioffs. Notification will be given to the other instructors, if required,

either through a warning signal on the instructors' console or via the

intercom, that the malfunction has been introduced.

-gl ........_IIT"........
SID 6Z_ 14.38
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Displays affected will respond immediately after the insertion of a

malfunction. Where precise timing is required, the malfunction will be

preprograrnmed and automatically inserted.

The instructor will insert malfunctions by using simple push button,

toggle switch, and rotating knob type controls as well as computer punc!_card,

.Display Functions

Displays will be capable of indicating abnormal or out-of-tolerance

conditions as controlled by the instructor.

When required for training purposes, two or more displays will be

simultaneously activated as required by the affect of the malfunction on

various systems.

Detection, Isolation, and Correction

The crew will detect simulated malfunctions by observing slmple or

complex indications as displayed by:

I. ON-OFF "CAUTION" and "WARNING" lamps.

g. Instrument pointer positions and movements.

3. Aural sounds.

A study shall be undertaken to determine which displays should be used

for indicating malfunctions, This will depend upon the type of malfunctions

selected and their affect upon the various displays.

Troubleshooting procedures concerned with isolating malfunctions will
be kept to a minimum.

Malfunctions will be corrected by performing simple adjustment,
alignment, and switching tasks.

In-flight maintenance pertaining t'o remove-replace tasks will not be
performed.

. . _ . _.:_'_... ._ _SIt) _,g- ', ,i3:_
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Evaluation Equipment

While extensive training evaluation will not be performed, the following

recording equipment will be provided, to permit instructor monitoring and

post-training evaluation:

Two eight-channel recorders or their equivalent will be provided with

a selection of at least 50 variables during any one exercise and a total of

75 inputs.

An X-Y plotting board will be provided to permit real (trainer) time

display.

A portable audio tape recorder will be provided to permit recording

of crew and instructor conversation for subsequent evaluation. In addition

a playback deck will be provided to permit the use of pre-recorded audio cues.

Crew Monitoring

The instructor will be capable of monitoring all crew stations display

indications and control positions. This will be accomplished by repeater

and special instrumentation at the Instructors' Console and will be located

in the same relative position as in the actual crew station. Crew station

controlposition will be indicated by displays at the Instructors' Console.

Malfunction Control

The instructor will have control of overriding and terminating inserted
malfunctions.

Malfunctions which generate gradual affects shall be controlled

automatically.

INITIALIZATION OF THE TRAINING PROBLEM

Initialization is defined to include loading of the program into the digital

computer, setting up the patch boards on the analog computer, and setting

up of all manually controlled displays in the Command Module. It is esti-

mated that about 10-15 minutes will be required for this process when going

from one major phase to another (atmospheric to extra-atmospheric or

vice-versa); and that less than 5 minutes will be required to restart within

a major phase. In the latter case most of the restart time will be needed to

reset manual controls. The time required to repeat the same training

mission will also be mainly dependent on that needed to reset manual controls.

_-3" -
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Initialization is best considered separately for the atmospheric (launch

and entry) and extra-atmospheric (earth orbit and. mid-course) mission

phases. This results because of the great difference in the dynamics of

these phases and because of the different training philosophy for the two

phases. In the atmospheric phase the training misslons will be continuous,

while in the extra-atmospheric phases they will consist of short time

segments distributed over the entire mission phase.

Atmospheric Phase Initialization

The training mission for the launch phase begins at T-g0 and ends at

orbit injection. Initial conditions required for the digital computer n_ay be

inserted at any point during the interval from T-Z0 to T-0. No initial condi-

tions for the computer will be required during the interval between T-0 and

orbit injection. Since the trajectory data for powered flight must be entered

into the computer prior to the run, it will not be possible to initiate arbitrary

abort conditions during the run; these must be predetern_Ined and pre-

programmed into the computer. This statement applies to aborts dictated

by trajectory considerations. Aborts dictated by other causes (e.g. , ECS

failure) can be initiated at any time.

The training mission for the entry phase begins between an altitude of

600 I< feet and 400 I_ feet. This applies to the normal entry training mission.

When entry must be performed from a launch abort, this limitation does not

exist because initial conditions will be automatically set up by the launch

phase computer program. The inherent complexity of the entry dynamics

makes it impractical to attempt to set up initial conditions at arbitrary

altitudes.

Extra-Atmospheric Phase Initialization

As noted earlier, tralning missions for these phases consist of short

time segments distributed over the entire phase concerned. There are no

limitations as to when the training mission can begin. Only attitude dynamics

will be simulated; the set-up of problems are of rT_nor importance. Most of

the set-up time will be needed for the manual setting of controls and

indicators.

- 24
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MAINTENANCE AND CHECKOUT

Three types of automatic checkout will be provided to detect mal-

functions in the trainer complex:

1. Simple tests during system operation.

g. Readiness test before beginning operation.

3. General diagnostic program.

During system operation, simple tests such as built in computer self

checks, checks for parity, and overflow will be performed. Short problems

will also be solved as checks on computer operation. These will also test

the input-output and linkage systems. Major system malfunctions during a

run should be detected by these tests. The subroutme reqmred to perform

these tests would be part of the operational programs and will be performed

on a low priority basis. The readiness test will be performed before running

a sequence of training missions, (once a day}. This test will include a digital

computer self-check, a check of analog computer operation, a check of the

linkage system, and a check of displays in the Command Module and

Instructors' Station that are under direct computer complex control. The

general diagnostic program will be run as required, and will be a more

sophisticated version of the readiness test. This program will contain

subroutines that will be used to isolate malfunctions to a black box level tn

the trainer complex. Such subroutines will be used only if a malfunction is

indicated during the checkout. The automatic checkout provided will utilize

the digital computer to the fullest extent possible in order to provide rapid

and efficient means of checking out and maintaining the trainer complex.

In addition to automatic checkout, checklists and manuals will be pro-

vided to facilitate manual checkout and maintenance. During problem set-up

many displays must be set to the desired nominal reading; this operation is

in part a system check. Readily accessible test points will be provided as

an aid to manual troubleshooting. The operation of all major trainer systems

can be observed at these test points.

-25
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III. SUBSYSTEM SIMULATION

The simulation requirements for the trainer subsystems are described

below. The actual system descriptions with their associated displays and

controls are included in Appendix B.

STABILIZATION AND CONTROL SYSTEM

Systems components which will be simulated by the computer are:

attitude gyro coupler unit, orbit rate resolver, inertial reference package,

rate gyro package, deadband generator discrete ranges, reaction jet selection

logic, accelerometers, limiters, and the switching and summing involved

in different modes of operation. The attitude rates, translations, and velocit_

changes produced by the firing of the reaction jets or main engines will be

simulated.

All displays and controls normally available to crew members in the

actual spacecraft will be provided in the trainer and will provide realistic

control over simulated spacecraft motion with concurrent display of applicable

parameters sufficient for crew control execution.

GUIDANCE AND NAVIGATION SYSTEM

Orbital and Midcourse Phases

Training will be provided inthe following major part tasks:

1. IMU alignment

2. Optical equipment operation

3. Velocity corrections procedures

This training will provide familiarization with the procedures and

practice in the manual skills associated with these tasks. In particular, the

purpose of this training is to instruct the crew in the use of the navigation

equipment, e.g., sextant, scanning telescope, AGC keyboard, and other

controls and displays.

The optical readings obtained by the crew will be used to evaluate their

performance in the use of the navigation and guidance equipment; these

readings will have no effect on the trajectory calculations. In order to

_.J 1 - - - = ..-_ ._. z -. "
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assess the performance of the crew in the use of the optical equiprnent, a

high degree of repeatability will be required. The visual cue system, in

conjunction with the simulated sextant and telescope, will provide the required
degree of repeatability.

The guidance and navigation system functions will be simulated to the

degree required to provide the training described above. The Apollo guidance

computer will be sirnulated by the trainer computer complex only to the

extent of supplying realistic displays. The scanning telescope, sextant, IMU

alignment panel and inertial platform control panel will be controlled by the
trainer computer complex.

Launch and Reentry Phases

The navigation station displays and controls (those under computer

complex control) will not be functional during the launch and reentry mission

phases. However, certain displays on the main control panel (e.g., computer

display panel, FDAI panel, and reentry display)will be controlled by the

trainer computer complex. The guidance and navigation system will be

functionally simulated to the extent required to control these displays in a

realistic manner. During reentry (in the automatic guidance mode), the

MIT guidance scheme will be simulated. The trainer digita] computer will

provide a functional simulation of the Apollo guidance computer, insofar as

the solution of the MIT guidance equations is concerned. Scaling and solution
rates will be similar to that of the AGC.

PROPULSION SYSTEMS

Throughout the various Apollo missions, the crew is required to

manage the spacecraft propulsion systems. These systems are:

1. Service propulsion system (SPS)

2. Reaction control system - Service Module (RCS-S/M)

3. Reaction control system - Command Module (RCS-C/M)

and they are monitored and controlled through the SPS panel and the RCS
panel,

For this trainer, no attempt will be made to mechanize the mathe-

matical relationships describing temperature, pressure, and flow, in order

to conserve computational equipment. These displays will be static in nature

and will be adjusted by the instructor to normal or off normal readings, at

his option, prior to the training mission. Instead, procedures for proper

Z8 -
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system operation and fuel management will be emphasized. The valving and

control circuits will be simulated to a limited degree and such functions as

fuel consumption, gimbal angle readout, and thrust transient characteristics

will be reproduced in sufficient detail to provide realism.

COMMUNICATIONS AND DATA SYSTEM

The following spacecraft display and control panels will be provided

in a realistic and operable condition:

I, Timing Displays All timing devices present in the actual space-

craft will be provided in operating condition. Digital timing devices

will be supplied with a timing pulse from the computer complex.

Other timing devices will be mechanical. All timing devices will

be manually setable consistent with the actual spacecraft equipment,

Coordination for setting crew station clocks and duplicate

instructors' station clocks will be accomplished, as necessary,

by voice communication.

Z. Antenna Control Panel - All indicators and controls will be operable.

The antenna subsystem will be simulated to the extent necessary to

provide realistic crew control of antenna position and concurrent

feedback (noise level) into the communications channels. Task

analysis will determine whether manual (i.e., instructor) or com-

puter control will be required.

J Telecommunications Panel - Indicators and controls will be pro-

vided in an operable condition but will not indicate or control the

status of actual or simulated telecommunications equipment.

(Exceptions to this exist where controls involve status and mode

of operation of voice channels.)

o Audio Control Panel - Controls will be provided in operating

condition such that individual crew member mode selection and

control may be exercised over the simulated communications

system.

In addition, control functions associated with the communications

systems will be indicated on the instructors' console. A capability will

exist for controlling audio quality reception of the three crew members

separately even though each may be talking at the same time.

All functions of the ground operationat support system (GOSS) will be

simulated and will be under the control of the instructor(s).

zg-
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ENVIRONMENTAL CONTROL SYSTEM

The following spacecraft display panels will be provided in a realistic

and operable condition:

I. ECS (liquid) display panel

2. ECS (gas) display panel

3. Cryogenic display panel

Most displays will be manually controlled by the instructor. Displays

monitored by the crew will indicate simulated environmental conditions of

an actual mission. The crew controls will affect applicable displays but

will not control existing environment within the trainer cabin. A pressure

suit air supply connection will be provided within the Command Module for

use with pressurized suits which are GFE. The waste management panel is

non-functional and will therefore be realistically mocked up.

ELECTRICAL POWER SYSTEM

The following spacecraft display panels will be provided in a realistic

and operable condition:

1. Power distribution display panel No. 1

2. Power distribution display panel No. 2

3. Power distribution display panel No. 3

4. Fuel cells display panel

No attempt will be made to faithfully provide a simulated electrical

power system. Most displays will be manually controlled by the instructor,

All crew operable controls will interface with the instructors station and

will cause appropriate information to be displayed on the panels consistent

with actual system operation.

Electrical system malfunctions inserted into the simulated systenJ by

the instructor will energize the affected meters and indicators to indicate

the malfunction. Correction of the malfunction by switching to alternate

system or systems shall demonstrate corrected indications as in th,,_, per-

ational system.

- 30 -
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LAUNCH ESCAPE SYSTEM

The controls and displays of the launch escape system that will be

simulated are composed of the following:

1. Displays

a. Abort sequence ready

b. Abort sequence initiate operation

c, LES tower jettison sequence completion

d. LES tower mechanism release completion

Z. Controls

a. Abort sequence arm command

b. Abort sequence initiate command

c. Tower jettison sequence initiate command

d. Launch escape motor fire command

The operation of the simulated launch escape system will be controlled

by the computer with crew command override. Computer subroutines will

be provided for the instructor to permit variation in the exercise of the

launch escape system, The controls and displays will be identical to those

in the spacecraft and the displays will be actuated by the computer.

EARTH LANDING SYSTEM

Computer complex control will be exercised over applicable earth

landing functions and procedures. Controls and displays which will be pro-

vided in a realistic and operable condition are as follows:

1. Displays (event indicator)

a. Earth landing sequence ready

b. Forward heat shield jettison completion

- 31 -
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g. Controls

a. ELS sequence arm command

b. Window covers operate command

c. Forward heat shield jettison command

d. Drogue mortar fire command

A barometric pressure display will also be provided for event moni-

toring of baroswitch operation during reentry.

The operation of the earth landing system will be simulated in both

automatic and manual modes. The controls and displays will be perceptually

identical to those in the spacecraft and will perform the same functions.

The displays and controls relative to the recovery phase of the mission are

not applicable to the trainer and will be mocked up.

IN-FLIGHT TEST SYSTEM (IFTS)

Since the spacecraft maintenance and system test philosophy for IFTS

utilization is under study, the functional capability for IFTS simulation will

be as follows:

1. Control switches will be functional.

2. Readout displays will indicate a systems GO or NO GO condition.

VISUAL SIMULATION

Visual Related Tasks

Certain tasks of primary importance to mission success rely a':_'_c,st

entirely on visual cues for their accomplishment. Training for these tasks

must be provided before flight time for the crew members to become

competent.

It is established that training of sufficient sophistication to produce

qualified crews must be given. The total training should therefore include

all predictable visual stimuli for which a crew response may be required.

The distinct task training related to visual cues may be obtained as shown

in Table i. Operational procedures and task skill will be stressed in the

Apollo Part Task Trainer.

- 32 -
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The Apollo Part Task Trainer is of particular value where considerable

task drilling on an individual as well as full crew basis is required. The

feature 'of adaptability of the part task trainer to changing task requirements

makes it ideal for training use in extra mission occurrences such as abort

(at varying times), critical orbit or trajectory deviations, return to earth

without LEM crew, etc. It may be determined that several variations from

normal "mission tasks should be taught. The simulation of extreme mission

deviations would be as easily accomplished as the changing of mission phases

in the part task trainer due to its adaptability and readily replaceable sur-

rounding equiprnent.

Visual Stimuli - Response Requirements

Response requirements are from single to multiple, simple to

complex. .The degree to which the response is learned in association with

a visual stimulus will be from basic knowledge of expected response to

conditional reflex or habit response. To achieve an automatic, habit response,

considerable repetition over an extended period of time will be required.

The standard tasks for which completion time is limited or critical should

be learned and then drilled until they develop an intimate familiarity with

these flight profiles and gain the conditioned response of being virtually auto-

matic. This releases the active mind to judgements in other critical areas.

For this purpose the "feel" of the simulated stimuli-response (as

minimum reaction or SCT-SXT controls) should be the phenomenal equiva-

lence of the real craft. Due to the inherent limitation in the simulator of no

weightlessness or disorientation, the crews burden of correlating the real

flight requirements with the nearest training simulation should not be

increased by too many omissions of visual stimuli.

Telescope and Sextant

Visual presentations shall be provided for the telescope and sextant

sufficient to provide:

1. Positive primary training for crew members who have had no orbit

experience

2. Transition training for crew members with orbit experience

3. Procedures training and exercise on a task basis

- 34

SID (;Z_ 1438



CI

NORTH AMER;CAN AVIATION. INC

The princip.,.l tasks involving telescope and sextant visual presentation

which are unique wh.ile at the same time important to the Apollo mission ave:

I. Orbit determination and IMU alignment in preparation for translunar

or transearth injection

Z. Position determination durin}4 translunar or transearth using

landmark star or limb readings

The procedure for taking a navigational fix (Appendix .B) shows that the

final phase of this task requires great skill° Attitude drift rmlst be controlled

to keep the landmark line of sight within the sextant field of view while at

the same time the selected star must be acquired in the other sextant line

of sight using the slewing controls. Finally, both Lmages must be simul-

taneously aligned.

Proficiency in this skill will require considerable practice by- the crew'

members. Since attitude minimum reaction controls (3 degrees of freedom)

affect both Lines of sight while slewing controls (2 degrees of freedom) affect

only one, the simulated image response will have to be carefully calibrated

with each of these controls.

Figure 6 shows the assembly of the sextant-telescope simulation.

Scanning Telescope (SCT) Simulation

The appearance within the Command Module and the operating controls

of the actual telescope will be duplicated in the traimng simulator (see

Appendix B). The fidelity and resolution of the image presented to the tele-

scope need be only a.s high as required to assure that the desired landmark

and star can be determined by the crew member and presented to the

sextant's view.

The scenes presented to the telescope during earth or moon orbit shall

ha\'e the following characteristics.

, MotSon of the earth or lunar sc_:nc during orbit shall be lin_ited.to

tnotion along the orbit plane. Previous alignment of the spacecraft

X-Z plane with the orbit plane will l)e assumed.

_o Provision will be made in the telescope for a simulated roll of the

spacecraft which would p_.l_ the center line of sight of the telescope

north or south of the orbil p]ane. The maximum latitudes that will

be im'luded within the field (Jr view of the telescope will be from

60 ° north to 60 ° so_tLh latitude. The simulated roll of the ,-raft
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thc_ probe o[ the telescope. This is for simulation only and i._{ not

a part of the real cr_,[t t(:lescopc, hut will b_,_ ins_,rte(t to _ive

north-south line of sight Ire(:'don] to si.mulat_ the roll of the

space(- r:,t ft.

_o The rc_al cr&Ft trunnion ;Lxe. s (r,,edom over earth or tycoon n_o{:!c]

wi].l be simulated by an actual trumaion mirror. Durin!z orbit the

center line of sight can he _lewe<t up to the horizon in an east-west,

direction onty. The ]i:_litation as given above for n north-south

maximum [r_:edom will place the center line of sight of tit<, teles_ ,_q.>-

a maximum el 30 ° norr.h or 30 ° south For any orbit that will b_.

ins erte(t.

]'he model (le_ign (sev Figure 7) bhall be capable of havin_ the

simulated orbit chanqe.d beret,.: the task exercise is started. This

is done by simply loosening{ ihe \vin_ nuts that hold the single axis

support for the n_odel _lol)e and _ovin_ the axis aionR a slot on a

lonr,itude..,_ tneridian. The axis is always normal to the plan,., of th{._

orbit and its latitude chan_e will constitute a chan_e in the <_rbit.

5° 'The slot indicated in (4) shrill e×tcnd to _0 ° latitude" _\vay from the

pole in tour directions from l.he pete' :_lonu the U°, 90 ° , ]8() °, g70 °

meridia.n of lon zi.tude. This will k(,ep the slot out ot the field of

view of lh( telescope in its :/_axi.i_um north-south position and yet

provide capability of chan_zin_ the' oYbit up to .3() _ north or south

an_t in fot£r possible mode._ around the earth.

O. No pYo\'ision sh,"tll be _acl,_ for ',:a\v in the tcl<:s<op{ _::(t_n_':_ duYing

orbit. I.towev_ r, lin_ited roll will be .-,trout.steal .is _n (Z) ;_l](] li_-nitcd

pitch will be sitnulated by in< re:tsc.(t motion or" the trutmion nlirr<)Y

nlcnlion{:d in ('_). The siil_ulatvd t_-unnion n_irror \,.iil r,_,potl.d to

Ihe sun_ or ([if,,(-rence or si_-n:tls lrotr_ both trunt_ion ._?<is s[Pwin_

control _]n{_ pitch input to RCH. Trunnion axis tea{lout instru_]_;_nts;

will. r,. _pouc_ only to rrunni{;n :-;lc.>.i_t_ control, h_,x_,'vvr.

, A _,tatic n,on-id{..,nti,ci<tld_ , st,,r :i_..!<_ ',_iil _-tl)pear b,.,IHn<l .-_trtll <)--i_i<>on

ira ca._< • the tru_nion P,_irr,_Y n_<)xc-_ part of lhe t{'lcs_,pe fi,.l<t oi

viev, above the cast or \vc_t horizot_o

The. alb_-do oF whil<, cl,)urt_; i,,_, _uhicic.ntly _rentcr than that of the

_roun{l {o allow bl_isshtne::4_; tr<,n_ the disk section oi the tc:lescopc

gonrra.tion to wash oux *h, ,i,.>. c)i- the ('sxrttn l.;,ndrn_Yks (s_:_:'

F'ig u r _-:. 7).
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The i_ls__t-L_<t.o_ will I}_ (:}:_pa['_[_;: <)_ w_tshin_, out are;_s of the earlh

model to t-_conon_ic:ally simuiat.e cloud co\_._-. This will be

accomplished ]-_7 switching on one or more of five s_)alt spotlights

with irregular edges whict_ are ¢lire_cl<2d tow;:_T'd the back si(Ic ")f sl

disk of opal glass in the mid-_:ourse disk position near the: first
beam splitter.

Star field get_eration will be fron_ a 3-_-it_ch-cti;:t:T_ete,- cetestiai

sphere. Point light star sour_'_s will })e si_'_ula.ted (rom r_'l'lect_f

light off small polished sphere_._ lml_eddecl in the cel_-_stial sphere.

Since _o telescope slewi_g or ,_ttit_._rle sweep is re_tui_-er] , the _c_tior_

of the star fi.eld will be li_nitect to t_'ansi_r_.ing a _lixc_ rta\-il_;_lion

star fronn the edg,J of _he fielcl of vie_,- to the center (3(}°). By

limiting star field scene.s _'o_t_:_it_inR navi_zatiot_al st;t-,-s to ,,(1" a_,-,._

that do not ir_clude th_. earth, _oon, or sun, o(:(-ultinL_ ctist<s \vou!d
be eliminated°

Approximately 30 per(:e.nt of the star field (portion towards earth,

moon, o,- sun) shall be _:excluc.tecl f'_'om any presentation. These

regions will be used f()r e(:onomi,__._l supports, _imbal !)ok, c:t<'.

10.
A 24-i_tch-diamett_r e_t,-th model, in color but without relit_'f features,

shall be tighted by 18-it_c-t_ fluorescent daylight t.t_bes which ;*,-e

pix, o_:ecl abo_t earth model axis supports. Two on e_:tc't_ side oi optics

pick up (N&S) will assu_-e that no shadows o_ probe _,'e projected
on model. Their motion will thus follow the orbit instead of the

ecliptic, but for ecc)nomi_ reasons this is consi_tcre(t tolerabl<:.

The spherical star field will not: be bel_ind the simul_:_ted earth

model, s(_ n_.) Dcculti_ cti_qi< is _ecessary for the c[_t-rk _i<le of the

terminal.° During orbit the- spherica] st._r fi_:.'ld is __se<l only for
IMU alig_ament_

11, At least, six lat_dmz_rtcs o_ the c_-tI-_ ,_o<I<el (more i c c'×tr_'_nt.rly

economics]) will be accurate enou_,t_.., for use ir_ c)_-bit d(::t,'t'n_,_g.ttic_no

A]t{:_-_ate s_l.ectiot_ will t_e possibles,.

At least thr,.-__: l;_n_i_:_ t-_._s ot_ Ibm, rnool_ rr,,ocle.i (__._.)t'c: i: _,or_o__i_::_l)

will be user: for or})it ci_'t_:,_'r__ir_tion, pr_ctice. 't'h_- ,._,oon _o,tel"

shall be it_stallc.(:t t_ _'eplace the earth mc_(_-?l for lu_:_Y <)rl}it practi_.'_:,.

Th{'. :.:;cenes p_°esente(I to th{_ tel,,>{{ {.)pc durinL_ tT_id-<:OUrs_ I t'ajecto_-y
shall have. the fc_Jlowi_ff ch.a:r_.cIc, ri:;t_( ..

1. There will k)e onl_ I}a .... j_-)_'s!ti(_tl>; at _,'hi, 1_ _. (tisk t)_'eset_t:_t[on will
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distances of approximately 50,000 miles, IZ0,000 miles, and

Z00,000 miles from the earth, as shown below.

Position Earth Disk Moon Disk

Near Earth (50,000 mi)

Mid way (120,000 mi)

Near Moon (Z00,000 mi)

Landmarks Identifiable

for Sextant Use

Earth

3

Z

l (or limb)

Moon

I (or limb)

g

3

_° The visual display of the navigation task will start with the landmark

to be used already within the field-of-view of the telescope. The

procedure will require that the slewing controls be activated to

resolve the telescope angles to 0 ° while the attitude of the craft is

adjusted to put the landmark within reticle at the center that defines

SXT field-of-view. The proper landmark that will be presented to

the sextant will have been pre-selected from the fact that the par-

ticular landmark was already within the field of view of the telescope

as determined by the electronic sensors. When the centering has

been accomplished such that the landmark will appear within the

sextant field of view, electronic sensors of the telescope position

will then automatically turn on the light that presents the landmark

half of the slide to the direct LOS of the sextant.

1 The next step in the real task of gross attitude maneuver and search

mode of the telescope for the proper star field, wilt be omitted

visually. The very act of pushing the Z5 ° offset mode switch will

not put SCT in search mode but will change the scene presonted to

the telescope to a preselected celestial star field within which will

be one or n_ore navigation stars. The second part of the task thus

started wi[i be initiated by bringing the navigation star to the center

of the telescope reticle by manipulating the telescope trunnion and

shaft slewing controls. Upon acquiring the star within the field of

view region of the sextant, the an=le sensors will automatically turn

on the part of the sextant scene which presents the navigation and

surrounding stars.

The midcourse systems described above start with star or landmark

within the field-of-view of the one power _ ular of the telescope. The crew

members will then respond to (1) plac.'_ the object in the center of the one

power, (Z) chan_e to three power, and (3) readjust the object in the center°

This is the correct procedure to be included for proper sextant scene before

transfer is made to the: sextant.

- ,t 0 -
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The task of IMU alignment uses two sets of stars to define the planes

passing through the spacecraft (see Appendix B). This task will start visually

with one of the stars already within the field of view of the telescope. The

procedure wilt subsequently require the star to be moved to the center and

transfer made to the sextant as before; but upon pushing the sextant mark

button, the star field containing the second star will be presented to the

telescope and the procedure will be repeated. Thus, search mode and gross

attitude maneuvers have been visually deleted from the task for economy.

Sextant (SXT) Simulation

Sextant star scenes will be provided just for selected navigational stars

sufficient for adequate training. A total solid angle of 5 ° for a scene will

assure that when the sextant has been positioned for a fix and the eclee of the

scene is not visible, the brighter navigational star will be within the 1.q °

field of view of the sextant. To provide training in discrirnination between

stars, the sextant 5 ° star scenes shall include those stars that would appear

fairly bright in the 28 power sextant. From 10 to 50 stars within 9 ° field

would include fields toward and norrnal to Milky Way.

The response of the scenes to the sextant and nIlirliFr]UlT] reaction con-

trois must be accurate enough to provide positive training transfer in this
compound task.

The accuracy of the sextant simulation shall be compatible with that -_f

the actual spacecraft. Howeve,-, objects need not be accurate in spatial

relationship. Use of the sextant during orbit is limited to star sightings for

IMU alignment. Primary use is fo," navigation fixes during mid-course

trajectory. The sextant presentations shall have the following characteristic,_
see Figure 8):

.

The spatial position of the sextant scene wil.1 be _rossly slaved to

the telescope scene. Thus, having an object in the upper right l_.:_.n_[

corner of the telescope, reticle which defines sextant field o( view

will position the sextant object within that ciuandranl.

Current investigation indicates that an overal] accu,.-acy of plus or

nninu_ 20 seconds of arc between landFtlar],_ and stz{r would be

sufficient to assure mission success. The simulation accuracy

will have an upper limit of plus c_,- minus 10 seconds of accuracy

to provide the allowance of anothe,- 10 seconds of arc for human

error. It is not he_'ein assu_ed that minimum human error wilt

be 10 sec of arc bm a m, _ hanicat accuracy within7 I0 sec of are"
would provide fo," this allowance.
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The higl_ acc,.:racy requirement for landmark to star will be

achiew{d by simultaneous optical viewing of both lines of sight to

a single plate upon which distance (shnulating large angle) is kept

c on s tant.

Response of scene to Minimum Reaction l[npulse Controls and

Slewing Controls will be included but motion will be limited to ke<_p

the 1.9 ° field-of-view within a 5 ° solid angle scene.

4. Image generation and presentation will be by direct optics viewing

a 5" x 10" slide. One 5" x 5" half for landmark and the other half

for navigation star with surrounding lessor stars. Stars above

magnitude 2{.5 will be simulated by a sn_:al[ plane-convex lense

attached to the light source side of the plate with the convex side

out. It will thus gather light (amount depending on its diameter--

1/4 inch and less) and focus it on the opposite near surface glass

toward the object lense. This will approximate a point light source.

The [urninous intensity of a star will thus depend upon the size of

the st_r lense, not the size of the hole below which it is mounted.

The other non-identifiable lessor stars shall be tiny scribed holes

in foil. Light source will be only approximately 6 x 10 -Z to

6.8 x 10 -1 lumens. The sextant plate requirements are as follows:

Position

Near Earth (50,000 mi)

Mid-way (IZ0,000 rni)

Near Moon (Z00,000 mi)

Earth Landmark

With Nay. Star Field

Z

1 (earth limb & stars)

Lunar l.,andma rk

With Nay. Star Field

1 (moon limb &' stars)

2

3

Any position (for IMU aline) will have two double star fields with

one nay. star on each half,

Clouds will not be provided on sextant scenes, because it will be

assumed that the telescope acquisilion shift to alternate landmark will put

the limited 5 ° max field of view of sextant .outside of a cloud-covered area.

Scene Generation

Since the part task trainer doe_; not require continuity or sequence

beyond a single task the generatton of scenes may be on short-term and

short-area basis.

hiE) 62-ol,13S
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Eand_narks

The selection of landmarks for telescope and sextant presentation for

orbit determination and navigation procedures Is limited to abotlt lO percent

of those considered necessary for full mission. Familiarity with other

landmarks can be obtained from photographs taken at parking orbit distance

in the case of earth or from telescope or future probe photographs in the

case of the moon.

Stars

It is anticipated that familiarity wi'th major star positions and constel-

lations will have been previously learned.

AURAL SIMULATION

The aural simulation will provide a representation of the aural cues

that the crew will hear during critical phases of the mission. The audible

sounds will provide event, system function, and occurence cues as important

aids in decision making.

Such cues not only provide reassurance by their presence that all is

well and a warning by their absence that all is not well, but they also serve

as reminders that subsequent activities should be prepared for. Realistic

aural effects are thus vitally and irrevocably linked to overall performance

and are essential to a reliable training program.

For example, important cues generated by the Guidance and Navigation

System during a reentry manual mode will be simulated.

Simulation of service propulsion engine operation, booster engine

operation, launch escape tower jettison and reaction control system operation

will be furnished. Aural cues associated with red warning lights also will

be provided.

Preplanned sounds, as determined by a lesson plan, will be stored on

tape and controlled by an event timer. Typical preplanned sounds are those

generated by the booster engines during the launch phase.

Unscheduled sounds, as determin'ed bv crew activity, will be generated

by electronic audio oscillators. Typical sounds of this category are those

generated by reaction jets during attitude maneuvers.

The ctesign of equipment devised for aural simulation will permit

modification, deletions, and addition of aural equipment as associated

changes are made in the spacecraft systems.

t4
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The output _,,f the aural simula, tion will terminate at the loud-speaker

in the Corr_rnand Module or at the head sets of the crew. Aural cues tern_in-

sting in the head sets will pertain to commurlication sounds only.

OTHER DISPI,AYS AND CONTROLS

The following displays and controls will also be provided in addit_.on

to those required for operation of the spacecraft systems.

1. Separation sequence control

Z. Radiation warning display-','-"

3. Caution indication

4. In-flight test control

-5 Integrated display unit

6 Booster situation indicator

7 S/M quadrant temperature indicator

8 Entry monitoring indicator

9 Lighting system

i0 Rendezvous display

The displays and controls will, in general, be functional replicas of

actual equipment. Those displays and controls which are not normally used

in the trainer sin_ulated mission wilt be realistic mock-ups of actual

equipment.

Separation Sequence Control

The followmg controls and displays will be provided for the separation

sequence control.

l. Event indicatton

a. Sequence ready

b, _;/M adapter sep,_tcz:tlon sequence corT_ptetion

':_[ndicate_{ ;_n itc'_ _[ v:qui[.:}rr_<:_nt v,zhich \\"ill be nonfunctional on lhe trainer.

45 -
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c. Adapter jettison sequence completion

d. S-IV/LEM separation sequence completion;:-"

e. Shroud jettison sequence completion;::

f. LEM jettison sequence completion':-"

g. S/M jettison sequence comptetion

Z. Controls

a. Sequence arm command

b. S/M adapter jettison sequence initiate con_mand

c. Adapter jettison sequence initiate command

d. S-IV/LEM separation sequence initiate command ':

e. S-IV retrofire command-". -_

f. Shroud jettison sequence initiate command,: _

g. LEM jettison sequence initiate conlmand,::

h. I_EM retrofire command*

i. S/M jettison sequence m_date command

j. S/M retrofire conlrnand

Radiation Warning Display

A mock-up of the display which is used to indicate quantitative radi;_tioD

dosage rate and accumulated dosage will be provided.

Caution Indication

Displays will be provided to notify the crew of major system
malfunction.

Warning red lights will signify emergency conditions which will

jeopardize crew safety unless immedi_te action is taken.

'::Indicates an ite_ of equit)rr_ent which will be nonfunctional on the trainer.

-16



An audible ,,-':,rning will be presente,! in con lunct_on with the visual
display vvar_dp_g. Cauti.on amber liuhts wi.tt s_enify conditions outside the
l_r_its of s\,'sten: dest,a>,_,perfornu_nce and requires corrective action, but

does not necessarily itnply that _nr_',ediate action be taken. "['his display

will not be associated with an audible warning.

ih.ese displays will be initiated by the instructor or the co_puter.

In-Flight Test Control

The following control functions shall be provided for in-flight test

system operation:

1. System power ON-OFF cor_nland

Z. Scan mode selection (3 modes)

Integrated Display Unit

Means shall be provided to display a limited arnotmt of recorded

information consistin< of measurement test point identification, test,

nance, and troubleshooting procedures inforrnation.

ma h_te -

Booster Situation Indicator

Displays will be provided to notify the crew of booster system mal-

function and occurance of major booster events not detectable by direct

sensory means. These displays wil.l be initiated by the instructor or the

compute r.

S/M Quadrant Temperature Indicator

This indicator, which displays readings from the temperature sensors

in the four quadrants of the S/M, will be manually controlled by the

instructor, and the four push button type selector switches for each _juadrant

will be operable.

Entry Monitoring Indicator

A display which is not dei_endent upon the stabilization and control

system o,-the guidance a_.ad navigation system for situation information ,.,..'ill

be provided, capable of displaying the acceleration-time history and the

relative orientation of the aerodvru-t,_,ic lift vector of the sp:_cecraft durine

entry. The displ_:y will incor _c_rat.e means to repeat the con_rnanded roll

o:rh_ntatton for cornpari._o>...., th actu>l .,>rient:ation. The purpose of the

display will be to monitor the entry _ituati_;n durin._ either machine or

-.-_.. ) _,?_ :%,-
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) manually commanded maneuvers and shall interface with the simulation

computer complex.

Lighting System

Lighting control panels for the part task trainer will be located on the

lefthand and righthand consoles. The following control functions will be

provided on each console for the lighting system.

I. Annunciator control

2. Secondary floodlight ON-OFF command

3. Primary floodlight intensity adjust

4. Integral intensity adjust

5. Means will be provided, at the instructors' console, to duplicate

the lighting control panels.

Rendezvous Display

The rendezvous display is not defined at this date.

in later reports as information becomes available.

It will be included

- 48
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IV. MECHANIZATION EQUATIONS

In this section mechanization equations for the Apollo Part Task

Trainer are presented. The section is broken down into atmospheric and

extra-atn_ospheric flight phases, for expository reasons. Symbols used in
the equations are defined in Table g.

ATMOSPHERIC PHASES

Mechanization equations for the launch and entry phases of the Apollo

mission are presented below. These phases begin or end above the sensible

atmosphere, with atmospheric effects being of prime importance. The

training mission associated with the launch phase begins at any desired time

between T-20 to T-0 minutes, and is continuous through orbital insertion.

In case of abort prior to orbital Insertion, the training mission will cont_nue

through drogue chute deployment. The entry phase begins at an altitude

between 600 K to 400 K it, and ends at drogue chute deployment. Nute that

the launch phase, as defined above, may include the entry phase. (in cas_ of
abort).

It is not planned to permit the training mission to start at arbitrary

altitudes during [he entry phase, except for the launch abort case, This

requirem.ent is imposed because of the difficulty in setting up initial

conditions for the dynamic entry simulation. The launch phase will not be

allowed to begin after T-0 because any advantage this _nay have does not

justify the entailed complexity in problem setup.

Launch Phase Equations

In thi> section the equations associated w_th the boost trajectory :,xl
orbital Injection are presented.

Boost Trajectory

A pre-prograrnmed tralectory is proposed for the powered flight phase,

A number of such trajectories are required in order to allow for booster

malfunctions or changes in booster performance. The parameters defining

the trajectory will be fed into the digital computer prior to initiation of the

mission. Position and velocity dat_ will be stored either in inertial or

relative (to moving earl:h) coo_d,_ate frames (,'see Figure 9). in either case



NORTH AMERICAN AVIATION, INC. ; _,' SPA(.'_:)_z_d I,_b_OItMATION S_,_Tb:MS DIVI,_I_)_

ZSt Z E

XS

f

/

/
/

/
/

/
/

/

\ \
\

\
\

Figure 9. Boost Trajectory Coordinates



:i<:ii!!i
'1 _ :<i iliil_

' Table Z. Definition of Symbols

Symbol

R E

RLA

Xs, Ys, Z S

RLo

XE' YE' ZE

[A]

a 0...a 4;b 0..-b 4

_,n,_

a-T

Va

c_

P

h S

Vg

Definition

Position vector of spacecraft (from earth center)

Angular velocity of earth

Derivative in "inertial coordinate system"

Derivative in coordinate system rotating with the

earth

Vector from earth center to point on earth from

which launch occurred(constant vector in E Frame)

Vector from (moving) launch point to spacecraft

Inertial frame, located at center of earth, XsZ s

plane contains the Launch Point

Vector from earth center to inertial launch point

(constant vector in inertial frame)

Earth-centered frame which rotates with the earth

Matrix defined in equations (])

Vector constants defined in equations (2)

Unit vectors along the roll, pitch and yaw axe_

Total angle of attack

Velocity relative to atmosphere

Dynamic pressure

Atmospheric density

Scale height

Velocity to be gained

?!i_iii!iii!iiiiiii!iiiiiiiiiii!iiiiiiii!ii!iiii;iiiiiii!ii!l!!_!i
!i!iliiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii
:_/<_41_i:i_iiiiiii!iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

ii!/ii!ii!iiiili

:%iiiiiiiiiiiii<!i:iiiiiiii!iil

:iii
_b_ _

_::i_iiiiiii:i!ii!iiii_iiiiiiii:iii<_
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Symbol

Vc

V

FE

G

M

ffi

Ro

h
O

-'2"

tp

CO

K,K 1

g

a w

a

a

CD

CDo

Cy

AVIATION INC.

Table Z. Definition of Symbols (Cont.)

Definition

Correlated velocity (or required velocity)

Present velocity

GM

Gravitational constant

Mass of earth

Vector from earth center to injection point

Radius of earth

Orbit altitude

Unit vector normal to orbit plane

Attitude rate vector (command)

Gain constants

Gravitational acceleration

Rocket thrust

Drag acceleration

Drag coefficient

Drag coefficient at equilibrium condition, a

constant

I_Aft coefficient

Lift coefficient at equilibrium condition, a

constant

Aerodynamic side forc_ coefficient

5_ -
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F

Syrnbol

C_

C 1"I'1

C n

c.g.

O.

q>

g

h

h S

K

K L

K E

ff

{'i

Lo

L/F 

IYl

P

q

r

Table 2. Definition of Syn_bols (Cont.)

D e fi ni tion

Aerodynarnic roll l_oment coefficient

Aerodynamic pitch r_oment coefficient

Aerodynamic yaw moment coefficient

Center of gravity

Angle of attack

Sideslip angle

Roll angle

Gravitational acceleration

Altitude

Atmospheric constant (scale height)

Guidance system constant

Guidance system (..onst_nt

Guidance system

Lift force

IIn- pla_e lift

Out-of-olg, ne lift

I.ift to dra_ ratto

N{glSS Of ve}li("lt"

Angular

Angut., _-

t
A n _Ztt I ;_:r

}';:tli" <.ll)_}klt

_';I te ;'t }3 OII L

F;:t{[ _ ,i O',) llI

constant

body rolt axis

bod_ Ditch a×ts

tOOdv ya\v <_txlS

<7;iiiii!iiiiiiiiiiiiiiii{ii_!iiiiiiiiiiriiiiiiiiii

iWiiiiiiiiii!!ii_iiiiiiiiiiiiiiiiiiiiiii_iiiiiiiiiiiiiiiii
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Table Z. Definition of Symbols (Cont.)

Symbol Definition

D

Dgo

R

V

V

V o

W

x, y, z

I X ,Ixy, etc.

Q

T

S

a 2

P

D B

D
2

DSG

D C

D R

Track range along great circle path

Range to go

Radial distance of vehicle from center of earth

Velocity relative to atmosphere

Orbital velocity

Weight of vehicle

Body axis

Elements of moment of inertia matrix

Dynamic pressure

Moments due to reaction jets

Aerodynamic area

A guidance constant

A guidance constant

Atmospheric density

Range achieved during ballistic mode

Range achieved during constant flight path angle

mode

Range achieved during equilibrium glide mode

Cross range

Defined in equation (16), pag<_ 70

5 4 -
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Table Z. Definiton of Symbols (Cont.)

Symbol Definition

Xc Yc Zc

XsY Zs s

M e

G

M

T

<

V

R T

t F

?v,

7

Coordinate frame defined in paragraph preceding

equation (l}, pa!..e 75

Coordinate frame defined on page 49

Matrix involving i and II, inclination or orbit plane

and longLtude of ascending node, re spectivety.

Angular rates about body axis

Angular accelerations about body axis

Reaction jet thrust components

Moment of inertia matrix (all elements are

assumed constant)

Vector from earth center to spacecraft

GM

Gravitational constant

Mass of the earth

Time of passage tilrough ascending node

CorreLated velocity

Velocity to be gained

Present velocLty

Vector to aim point

Time of flight (injection to hit point)

Unit vectors ('in i_ normal to Tv)

AnZL_" between R _Ind V

Z<_ii_i_i!i!iiiiiiiiiiiiiii!iiiiiiiiiiiiiii!iii_iiii{iiiiiil

iiiiiiiiiiiiiiiiiiiiiiii]i{iiiiii_i!:!iil¸

<_iii!!ii_iiiiii!iiiiiiiiiiiiiiiiiiiiiiiiiiiiii!iiiii_i!!i
/i!iiiii!iii!!ii!iiiiiiiiiiiiiiiii!ili!iiiiiiiii!iiiiill

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiZi!iii_
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T_ble Z. Definition of Symbols (Cont.)

Symbol Definition

Subscripts

0

iI

B

C

eq

ex

f

i

MAG

MA X

MIN

h,,

Initial condition

Point where equilibrium glide is initiated

Ballistic mode

Command

Equilibrium

Exit

Final or recovery interface

ith sample

Magnitude

Maximum

Minimum

transformations will be made to the other coordinate frame in the digital

computer, The equations are:

s 7FE

(dR) = _d_L 4 = d{--_--)S -_ x (R.L + RLA )

N = NLA + NL

(1)

SID 6Z-14{8
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R = Ys I = [A]

J

" X E

YE

Z
E

- cos _} t

= sin _Qt

0

-sin _Q t

cos 9. t

0

o- -xEl

0 Y

1

It is not presently known in what coordinate frame the position and

velocity data will be expressed. It wilt be given in terms of one of the

coordinate frames described above. Position and velocity data will be dis-

played in terms of either system (or relative to the launch point), throufzh use

of equations (1) and the input data. It is assumed that the position and velocity
will be expressed as polynomials in t, time:

-- -- m

= t 3tZ+a +a t 4Px a0+al t+a2 3 4

_¢ = b0 + bl t + bz t2 + b3 t3

(z)

The (vector) constants a0, b-0' and so on, would be part of the pre-

programmed trajectory data. The trajectory data will also include attitude

as a function of time. Under certain assumptions as {o guidance and control.

such data would not be required; however, this attitude information will also

be stored in the computer as part of the trajectory data:

_- = _- (t)

n = n (t)

g -- -[_(t)
(3)

Where g, _l, and _'are unit vectors along the roll, yaw and pitch axes.

These unit vectors may be transformeci exactly as in equation (1), and _nay

-- 57 -
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be expressed in either coordinate system. Total angle of attack, aT,

be computed from velocity with respect to the air mass Va as follows:

aT = c°s-1 t[%'Va_-I

would

(4)

On the other hand, it can be stored as part of the trajectory data. It is

recommended that dynamic pressure can be computed as needed using the
formula,

l Z

q = _- #V a (5)

Density will be obtained from a stored table.

The parameters discussed above define the required trajecto:ry

information. These parameters are needed for two basic reasons:

i. They permit displays of trajectory data to the crew.

Z. They allow initial conditions to be set up for abort maneuvers.

The digital computer will be used to store these parameters and to

perform the required transformations for display purposes and analog

computer inputs. The analog computer will be used to "track" these

parameters so that abort may be initiated at any time. It has been

tentatively decided that the rotational equations of motion should be solved in

the analog computer during an abort maneuver. The digital computer will be

used to solve the translational equations of motion, to transform data for

display, and to generate certain command functions (e.g., attitude) in auto-

rnatic guidance modes. When manual control is being exercised, these

commands wilt be initiated by the crew, based on the information disptayeu
to them.

Orbit Injection

During the boost phase just prior to injection the crew will be observing
Vg, the velocity to be gained vector, plus perhaps other digital data such as

position information, tn addition to such digital displays, analog displays

(e.g., attitude bali) wilt be presented. The equations given below will be used

primarily to generate the digital (simulated AGC) displays.

The desired earth orbit is kn.own prior to launch. Let its orientation

be defined by the unit vector_p, which is normal to the orbital plane; and
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let_the orbital altitude be denoted by h o.

by V c, the present velocity bye'; then
Let the orbital velocity be denoted

VZg = r_c _ V (6)

is the velocity to be gained.

where

Circular speed is

I_ cT = Vc = I_\_ --_ (7)

R I " IRI! : a o + h o (8)

R o= radius of earth

The vector RI lies in the orbital plane, and by definition, is the

injection point (see Figure 10).

Since the orbit is circular by assumption,

V c • l_ I := 0 (9)

Furthermore,

-T'.

V c tp = 0 (] 0)

Equations (8), (9) and (10) define Vc, assuming RI is known. Now

I tP = o (1_)

and therefore onIy one more relation is needed to define RI" This relation is

obtained by a prediction process. Given present position, velocity and

acceleration, it i.s possible to adjust [_I (rotate it in the orbit plane) and

thereby predict the injectlon point,
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Figure 10. Orbital Injection Coordinates
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The control loot) is closed through the Vc calculation such that lateral

(out-of-plane) position and velocity errors are nutl.ed at the same time the

in-plane errors are hulled. Attitude control could be simulated using a

typical cross product type of pitch and yaw control:

_ Vg x Vg
co = Iv. (12)

Vg Z

K is a gain parameter (not necessarily a constant}. The angular rate vector

is resolved in body axes to give the desired pitch and yaw rates (the rol[

component is redundant, and is not used}.

The scheme outlined is i.terative tn the sense that the calculations must

be repeated up to cutoff to achieve an accurate rejection. "]:hey are not

iterative in the sense that an iteration must be performed in a given com-

putational cycle. It will be noted that the V c calculation is relatively simple,

and hence also the Vg calculation. Most of the inherent difficulty of the

problem has been transferred to the problem of determining the orientatmn

of RI in the orbit plane. This calculation must be performed using presently

available data, which changes with time; and therefore a repetitive type of

solution is required• ']:he final prediction is essentially the result of a

sequence of approximations.

Engine cutoff is signalled when Vg goes to zero. One last point should

be mentioned relative to Vg: near cutoff this vector is very nearly equal to

the negative of the applied thrust. This follows from equation (9),

but

d_Tc dP, I
KI + vc --- = 0

dt dt (13}

dff I

dt V c (14}

when in orbit: therefore,

dVc RI = - Vc 2 PiE

dt R I
(15)
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Therefore, near _njection,

From equations (6) and (17),

_i3 K R I RI (16)

dVc --
= gdt (17)

since

dVg_ dV c dV

dt dt dt g - (g+ a T ) = -a T (]8)

Equation (12.) becomes

m

dV
d--t = KT + "_ (19)

aT = rocket thrust

= K1 KT × Vg (zo)

where

KI
K

(Vg) 2

Reentry Phase

In the reentry phase, the Guidance and Navigation System must ptace

the returning vehicle at approximately the correct earth coordinates and must

limit the reentry path angle to within some permissible range of values. The

entry angle is defined to be the angle between the flight path and the local

horizontal, measured positive downward. The path angle must not be so

shallow as to allow the vehicle to elude capture, nor so steep that intolerable

peak deceleration is encountered. At one extreme, the minimum entry angle

is such that the vehicle will skip to the top of the atmosphere, but still pro-

ceed to target. If the entry angle is smaller than this the vehicle will not be

captured. At the other extreme, the maximum entry angle is the angle

- 6Z
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beyond which the deceleration is not tolerable and beyond which the maximum

lift correction will still place the vehicle short of target.

In dealing with the reentry simulation and training problem, a number

of conditions are assumed to exist for the sake of a preliminary formulation.

The earth is taken to be a non-rotating sphere; the vehicle position, velocity.

and alignment are given from the previous phase of the mission and the target

coordinates are specified.

Reentry cue control will be based upon a hybrid, six degree of freedom.

simulation of the controlled performance of the Apollo capsule in the atmos-

phere. The moment and acceleration equations willbe solved by the analog

computer, and t!ae atmosphere and the pitch and yaw stability loops will be

simulated by the analog computer. If the required solution rates permit, the

acceleration will be integrated by the digital computer and a smoothed

velocity output obtained. Otherwise, the integration will be analog. Velocity

will be integrated and the components of distance in the various coordinate

systems will be obtained by the digital computer. The moment equations will

be solved in the body axis coordinate system to reduce the moment cross

coupling. The guidance equations will be solved in local level geocentric
coordinates.

To facilitate training in malfunction detection, the simulation will

permit the opening, in any combination, of the guidance and stability loops.

Vehicle Dynamics

Flight path control of the Command Module during entry is achieved by

controlling the relative magnitudes of the vertical and horizontal components

of the lift vector. When sufficient aerodynamic pressure is encountered, the

aerodynamic moments will tend to stabilize the spacecraft with the blunt end

forward. Since the spacecraft c.g. is offset from the body center line, an

asymmetric equilibrium condition (with respect to the relative wind) results;

this asymmetric attitude gives rise to an aerodynamic lift force, which can

be used to alter the reentry trajectory (see Figure 11).

Assuming a set of body axes chosen such that the moments and slate

force vanish when they are aligned with the wind axis, we may write the

equations of motion:

m(_r x + qVz : -CDQ + W x

m{Vy + rV x - qVz) = CyQ + Wy

m(l} z - qV x) = CLQ + W z
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Figure 11. Spacecraft Attitude
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_L_y

qIy

- _L_.

: C_Q+T x

= CmQ + Ty

= CnQ+T z

where

O : I/z pV z s

W : W o or g - constant

Density will be obtained from a stored table.

Assuming small oscillations about the stable orientation,

dynamic parameters can be expanded:

8C D 8C D

C D : CDo + _ da + _ dd

the aero-

8Cy 8Cy

Cy - a_ d._+-f$--d_

' 8C L 8C L

CL = CL° + 8_ da + _da8a

C_
8C_ 8Cf 8C_

= 8--_-d_ + _ d_ + --_ d

8C m 8C m

Cm - Oa da + _ d_

8C n
8On 8On di + d

C n- 86 d_ + 8---_- -_-

The initial values and the coefficients of the incrementals are assumed to be

constant. The assumptions made in writing the above equations (i.e.,

negligible cross-coupling and nonlinearity) will be investigated further. The

intent here is to simplify the problem as much as possible while retaining

those factors which will be noticeable to the crew.
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Reentry Guidance (Primary)

÷

The path is symbolically illustrated in Figure IZ. The vehicle enters

the atmosphere at point (I) with a maximum velocity approximately equal to

36,000 ft/sec and a flight path angle of _lo. The event sequence is described

below:

(I) Enter the atmosphere with lift directed away from the earth

(zero roll angle) until the vertical descent is arrested.

(z) From this point, predict range capability in flying a schedule

of constant flight path angle, or constant altitude followed by

equilibrium glide. Command a positive vertical velocity

(away from the earth) until the desired range can be obtained.

This vertical velocity is limited to a safe value that will

ensure that the vehicle does not skip out of the atmosphere,

but large enough to guarantee the range required.

(3) Initiate the range control when the range capability is attained.

This is accomplished in some cases by a constant altitude

phase with a range loop closed. The very short range cases

are flown with the downward vertical velocity limited so that

a "g" limit will not be exceeded.

(4) Finally, fly an equilibrium glide trajectory with range control

referred to a nominal trajectory. Equilibrium glide is a

trajectory wherein the path angle and path angle rate are

assumed small enough so that vertical lift equals weight

minus centrifugal force.

Primary reentry guidance for Apollo will be fully automated. It will

utilize lift orientation to control an iteratively predicted range. Longitudinal

range control requirements will determine the magnitude of the bank angle,

but the direction of the bank angle may be used to control lateral motion by

making a sequence of "S" turns.

The MIT reentry guidance scheme will be used in the trainer; however,

complete information is lacking and therefore a typical scheme is presented

below. This scheme separates the trajectory into four guidance regimes:

"entry," "pull out," "constant flight path angle," and "equilibrium glide."

Range control is not exercised during entry (the lift being fixed in the

vertical plane) in order to insure safe passage through the "survival phase."

- 66
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Figure 1 2. Entry Path
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This control regime is terminated when the vertical velocity h has

increased to some fixed threshold value _1- At this time a roll angle _bMAG
is computed:

where

-1 [(L/D)eq" ]dPMA G = cos [(L-L-7_- X (])

V 2
--- +g

(L/D)e q R a (2)

This calculation continues, and the corresponding roll is commanded,

until 1_ exceeds a predetermined value E2" As noted earlier, the sign of the

roll command is determined by the lateral maneuver requirements. No range

prediction is made during this early roll maneuver.

When 1_ >_ c2, the system enters the constant flight path angle regime,

and an altitude rate command l_c is iteratively calculated:

where

l_exi

V i

1_c = tiex i Vex i

Vo 2 V 2 [

ex i

Vex i

_ cos /DBi_

\Ro/

\Ro/
]

(3)

(4)

DBi = Dgoi- DYi- DSG i (5)

DSGi

R o

2 (L/D)No M _n
1

(Vexi) z

Vog
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i

al he]
Vex _ = v iexP [_ (9)

L
The sequence of equations (3) through (9) are solved in reverse order,

except tl_t (7) is solved before (8). Equation (4) insures that uncontrolled

sklpout will be avoided.

The altitude rate command l_c Is limited to satisfy the survival

boundary conditions,

# # #

hMI N_< hc _< hMAX (10)

where

• 2hs 8MAX

hMi N = Vi
(11)

hs ailV i

 MAX = (IZ)

This process continues until either

D B _ 0 and V > V II

Or

D B < 0 and V.< V II

(13)

(14)

If inequalities (13)are satisfied, the constant altitude regime is

entered; if inequalities (14) are satisfied, the equilibrium glide regime is
entered.
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During the constant altitude regime, an altitude rate command is

calculated:

hci = K E (Dgo - DR) (15)

where

= n Jr

(vll)

Vi z

a i

n 2,
+ (L/D)MAX (i (vi)Z)(Vo)z

(16)

This command is limited according to equations (I0") through (12)
when

D B __ 0 and V < V 11

the system switches to the equilibrium glide mode.

During the equilibrium glide regime, the command parameter is

(L/D) not h c. This command is computed from the equation:

K

(L/D)c = (L/D)NOM +

Dgo i DSG i

where

DSG i = 1/2 R o(L/D)NOM In

{

h S (L/D)No M _ n

[1],I (vi)z

(Vo)Z

(Vi) z CDJPF 2ai

(17)

(18)
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With pf being the air density at the recovery interface. Lateral control is

obtained by switching the bank sign when:

IDce I __ Ki_ (Vi) z (19)

This results in a sequence of "S" turns whose magnitude goes to zero

with velocity. The term K L is selected so that twice the cross range error

can be corrected at the velocity Vi.- Guidance is terminated with drogue

chute deployment.

The equations establishing the deployment conditions are not presently

known, but it is assumed they will involve simple functions of such parameters

as velocity, dynamic pressure and/or Machnumber.

The digital computer will essentially provide a functional simulation of

the Apollo Guidance Computer, insofar as the solution of the above equations

is concerned. Scaling and solution rates will be similar to that of the Apollo

computer, however, the transmission formats and data handling techniques

(used in the trainer computer complex) will reflect the greater capability of

the computer complex.

This simulation of the automatic guidance mode is necessary to provide

the following:

1. Training in recognition of malfunctions during this phase.

2. Training in making an important decision (whether to switch to

manual control or not)

, Automatic setup of initial conditions for manual control mode,

so that switch-over from automatic mode to manual mode may

be made at any time.

4. Training in monitoring performance during automatic mode.

Reentry Guidance (Backup)

The primary function of the crew during the automatic flight mode of

the reentry phase will be to monitor the automatic system. They will,

however, have the capability at any time to override the system to take over

manual control. In the event of system failure, therefore, some capability

will still exist to "fly" the vehicle. A very important training aspect will

therefore be to introduce subsystem malfunctions to force the use of manual

control. The introduction of such malfunctions will thus be part of the
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The principal instrument to be employed in the back-up

mode is an a_celeration history display, a typical example of which is shown

in Figure 13/' The two heavy lines define the corridor boundaries and the

line between them shows the reference trajectory within the corridor

boundaries.

The entry display, which is also used as a monitor, is operational

during all reentry regimes, normal or manual. No additional computations

are required for the back-up guidance, which is initiated by the opening of

the automatic control (see Figure 14). At the instructors' console an

indicator will be located above the reentry display and will be illuminated in

the event of skip-out; the mission will then be terminated.

The most critical parameter in the reentry problem is the reentry

angle, so it is natural that the tr&ining situation develop on variations of the

entry angle for specified initial position. This will provide training over a

large class of entry trajectories. Additional training procedure wiit

incorporate statistical deviations on the vehicle coordinate values, (i.e., on

the initial state vector) so as to simulate measurable errors in the inertial

guidance system at entry.

The degree of difficulty of the manual control function will vary with

the kind and the extent of the subsystem malfunctions. In particular, a loss

of control of yaw and pitch rate could produce a great deal of difficulty

because the lift characterisliics would cease to be a relatively simple function

of roll angle. Intensive training in this area could, however, reduce the

difficulty considerably. Simulated malfunctions in the pitch and yaw rate

damping channels wilt be provided.

Dynamic simulation of the altitude control loops and vehicle aero-

dynamics in the analog computer provides a wide range of training capability.

In particular, the effects of simulated malfunctions may be allowed to

propagate through the system, just as they would do in the actual situation.

No provision is being made in the trainer for reentry guidance

assistance from ground support sources, since this will probably not be
available.

EXTRA-ATMOSPHERIC PHASES

In this section mechanization equations for the extra-atmospheric

mission phases are presented. The training missions tn these phases are

not continuous over an entire phase, but rather consist of relatively brief

segments (in time). This is one major difference between the atmospheric

and extra-atmospheric training missions. Another major difference is
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Figure 14. Vehicle Dynamics and Guidance Simulation Block Diagram
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in the mechanization of the equations of motion. During the atmospheric

phases the translational equations of motion are in the guidance and control

loop, while in the extra-atmospheric phases, these equations are not part of

any closed loop. The rotational equations of motion will be solved in closed

loop fashion in all phases, because of the requirement that vehicle attitude

dynamicsbe simulated.

Earth Orbit

The rotational equations of motion will be solved on the analog com-

puter; and SCS system dynamics will be simulated in the analog computer.

Position and velocity will be obtained from data stored in the digital computer

prior to initiation of the training mission. The data will be in the form of

standard orbital parameters; it will be assumed that the orbit is circular.

Position and velocity are readily computed from this data. _

Define a set of axes X c Yc Zc such that X c Yc lie in the orbital plane

with the X c axis passing through the ascending node and the Z c axis com-

pleting the righthanded system (see Figure 15). Let the matrix that carries

Xs Ys Zs into Xc Yc Zc be denoted by B:

[Xc][Xs]Yc =[B] Ys

Zc Z s

(1)

then:

XJ + Yc 2 = R 2 = constant

:_c2 + _c 2 = V2 _ _ER - constant

c

#c

[B]

= -WR sin co (t

= WR cos w (t

o= 0 cos i

0 -sin i

T)

-T)

o]sin

CON

COs _ sin _ 0]
si:_] cos_20 i0

(z)
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The required orbital parameters are i (inclination), R (orbital radius),

(longitude of ascending node) and T (time of passing through ascending

node). Position and velocity components would be computed according to

equations (2) and transformed to the S system using the inverse of (B). Note

that _ and i define the rotational matrix (B).

Position and velocity relative to the (moving) earth may be obtained

using the relations given on page 49. The rotational equations of motion are:

I [i_rqAM o -p

AN - p o
[P][I] q

r

(3)

It is assumed that the elements of I, the moment of inertia matrix, are

all constant. As noted earlier, these equations will be solved on the analog

computer. The outputs of the analog computer will be used to drive the

attitude displays and will also tie into the visual cue system.

Information flow for visual system tie-in is indicated below.

I CREW

i
ATTITUDE

&

SEXTANT
CONTROL

--_ INSTRUCTOR

The visual cue is required for training in platform alignment pro-

cedures, Absolute accuracy is not required for this procedural training,

but dynamic response of attitude control loops must be simulated to give the

crew members training in the sextant alignment operatlon. The analog
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computer will be used to simulate attitude dynamics and to drive the visual

cue display as determined by the crew member's input and this dynamic

response. The detailed mechanization equations relating attitude and sextant

angles are being investigated.

Mid-Course Phase

The mid-course phase training will emphasize procedures rather than

accuracy, as in the earth orbit phase. Training missions will consist ,of

"short" (in time) segments of the mid-course phase. Procedural training

will be provided in:

l. platform alignment

2. star-landn_ark fixes

3. _XV corrections

4. injection into trans-lunar and trans-earth trajectories, and

injection into lunar orbit

Item (1) has been discussed above;

mechanization equations are concerned,

displays will be provided.

item (g) is similar insofar as

except that additional digital (AGC)

The last two items both involve platform alignment as part of the

procedure; this will be included in the particular training mission segment,

or left out, at the option of the instructor. The digital displays required for

communication with GOSS (the instructor) will be part of the stored program,

and will be displayed as called up by the crew. It is estimated that only

100 to ZOO words will be required for such displays, because of the shortness

of tne mission segment. Such readouts will include angular measurements

and deviations, and velocity corrections (magnitude and direction).

Position and velocity information for display purposes will be generated

from trajectory data stored in the digital computer prior to initiation of the

training mission. The method used will be similar in principle to that used

for the launch and earth orbit mission phases. This method eliminates the

need to store many data points, and permits call-up at any time.

Midcourse &V corrections will be programmed into the computer prior

to initiating the run, or will be inserted by the instructor. These simulated

corrections will no, be related to the angular readings made by the crew;

they will be provided for procedural training in the &V correction maneuver.
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Injection into trans-lunar trajectory will be based on a simplified

version of the off-set target scheme. A correlated velocity (or required

velocity) \viii be calculated on the m_sis of a two-body problem:

_E vz (RRT -K" KT)

Vc_ : R(K-RT) ' [VZK -(K" V) V] (4)

which is the standard "hit equation." One additional condition must be imposed

for control purposes. This additional constraint is imposed by requiring the

time of flight to be a constant. This condition may be translated into a

corresponding condition on 7 (angle between t_ and -9):

Or:

atf otf

0 = dtf - 8V dV + -3--_-d7 (5)

/ \atf.

d'/ = -i_'_f ) dV (6)

\ a7- /

The coefficient of dV is a precomputed number. The correlated velocity is

related to the velocity to be gained.

gg--- V c V (7)

I>rom equations (4) and (6)

_g = (V c V) T v + Vd7 7

VcVv+ Vdr_%_ V

(8)

Which follows also by analogy from

dV = d(VTv) = dV_ v + VdY v = dV] v + VctT_ n (9)

Steering signals to control the attitude displays would be similar to that

described in section on orbital injection.

Lunar orbit injection would f_e. similar to earth orbit injection.

Mechanization of the injection tnto trans-,,;_._rth trajectory would be sin_ilar

to the tran_-tunar injection rnechanizatl,an described above.
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V. DESCRIPTION OF TRAINER COMPLEX

COMPUTER COMPLEX

To fulfill the requirements for procedures training and attitude control,

a digital-analog hybrid computer system will be used. The computer system

will include a digital computer, plus its peripheral equipment, an analog

computer, and all necessary hardware, software, and interface configu-

rations required to implement the trainer's objectives. Figure 16 shows

a block diagram of the digital and analog equipment.

The digital computer will generate displays and control the analog

computer. Generally, digital computations will be done in real time. The

analog computer will solve the rotational equations of motion and provide

the dynamic response of the stabilization and control system.

Digital Compute r

The digital computer's major tasks will be to: (1) provide displays

(precomputed or canned information) for procedures training, (Z) monitor

and control the analog compu_ter, (3) execute functions such as the control

program, malfunction control, on-line diagnostic check, and real time

input/output, and (4) compute trajectory data.

The digital computer will incorporate, in conjunction with the main

control program, several sub-programs. The launch abort sub-program

will contain all necessary mathematics t0 simulate either an atmospheric

or an extra-atmospheric mission termination.

All calculations in both the abort and reentry sub-program will be done

in real time. Upon receipt of input from the instructors' console, the execu-

tive control sub-program directs the computer complex in the solution of the

problem. The program accomplishes this by controlling the flow of data

between the various components throughout the computer complex.

Desired malfunctions may be introduced through either preprogramming

prior to initiating the mission or by a command from the instructors' console

during the mission.

In order to perform the aforementioned computations, a central pro-

cessing unit with a core storage of 8K Z4 bit words will be required. Table 3

presents a breakdown on the allocation of digital computer core storage for

instructions and data words required for the Apollo Part Task Trainer.
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Table 3. Digital Computer Instructions and Data Estimate

Description

Control program

On-line diagnostics

Input / output

Precomputed trajectory

and attitude displays

Note :

Subtotal

Instructions

1000

1000

50O

1500

4000

2750

6750TOTAL

Data

500

500

250

1500

Z750

Estimated maximum number of instructions

per iteration = 4000

Input/Output Equipment

The digital computer input/output equipment required is divided into

two categories: (1) standard peripheral equipment, (2) digital to analog

(D/A) and analog to digital (A/D) conversion equipment.

Standard Peripheral Equipment

1. Card Reader

2. Card Punch

3. Line Printer

4. Magnetic Tape Units

5. Control Units as required for the above equipment. (The

nature and number of these units will depend on the particular

digital computer selected.)

SID 62-1438
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These peripheral devices are required for the storage of operational

and diagnostic programs, the storage of data, the de-bugging of new

programs, and the maintenance of the computing equipment.

There will be two types of stored data: (I) the data required for the

real time computations that will be performed during the abort and reentry

phases, and (2) precomputed, or "canned" information used in the

simulation of fixed trajectories and other predetermined conditions.

The card reader, card punch, and line printer may be relatively slow

speed devices. The magnetic tape units will be of medium to high character

recording density for transferring the anticipated volume of "canned"

reformation from the magnetic tape units to core storage and subsequently

to the analog equipment.

D/A and A/D Conversion Equipment

The D/A equipment is required for converting information from digital

form to analog form to drive such devices as meters and to supply analog

signals to the analog computer. It will consist of the logic required for

selecting the proper output lines (particularly meters, etc., to be updated),

conversion from digital to analog signals and storing or "holding" this

information until the next update occurs.

The A/D equipment performs the reverse function, namely, converting

information from an analog to a digital computer. It will consist of the logic

for selecting the proper input lines, and conversion from analog to digital

signals.

Digital Inputs and Outputs

t

There are an additional number of inputs and outputs that require

processing by the digital computer. These inputs and outputs are digital in

nature and are necessarv to simulate such functions as relay closure inputs,

binary coded inputs, indicator lamp outputs, and switch closure inputs.

A1}a log Computer

In this section the analog computer problem load is discussed, and the

eqmpment required is listed.

t:xt'xLt._LrX_l_T| _,|
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Analog Computer and Problem Load

The rotational equations of motion will be mechanized on the analog

computer. These equations, referenced to the vehicle's body axes, are of

the form:

_Ix - ÷Ixz = C_O + Tx

qIy = CmQ + Ty

_I z - plxz = CnQ * T z

They were described on pages 63 and 65.

In addition to solving the above equations, the analog computer will

be used to simulate the stabiliaation and control system and the propulsion

systems. For the launch and reentry cases only partial mechanization of

the stabilization and control system is required. The operational modes

are (I) monitor (during launch), (2) SCS entry and guidance, and (3) navi-

gation entry.

Included in the SCS is the reaction logic. Reaction jet fuel consumption

will be computed using the equation:

Fc ftc---- dt
WF Isp

0

W F is the reaction jet fuel weight in pounds

where:

FC

Isp

is the reaction jet thrust in pounds

is the specific impulse in pounds of thrust per pound per

second of fuel (seconds)

tc is the reaction jet on time in seconds

Roll will be unlimited (0 to 360 degrees); yaw and pitch will be limited during

reentry to plus or minus 50 degrees from the equilibrium position. During

orbit and midcourse phases roll, pitch, and yaw will be unlimited.

- 85
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The problem toad described essentially determines the amount

of analog computing equipment required, because the SCS mechanization for

the extra-atmospheric phases (earth orbit, and mid-course) is less complex

than that required for the atmospheric phases (launch and reentry).

Equipment required by the analog section to mechanize the problem load are

given in Table 4.

Table 4. Analog Equipment Required for Mechanization

of Problem goad

Item Ouantity Description

I 1.

6

7

8

9

I00

15

175

3O

10

4

100

45

Control console with associated

controls, readouts, displays, etc.

Manual 2-terrninal coefficient

potentiomete rs

Dual feedback limiters

Operational Amplifier 45 summer

integrators 130 sumnaers and

Inve Fie r s

Electronic quarter square

multipliers

Re solve rs

Variable function generator

"AND" gates to perform the

jet selection

Digital to analog switches to

convert the jet pulse to analog

signals

SID 6_-1 ,t38
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TRAINER COMMAND MODULE

The trainer command module will physically approximate the inner

shell of the actual Apollo spacecraft command module, and be a fixed base

type trainer (see Figure 17). The interior crew compartment of the trainer

command module will be a near duplication of the spacecraft command

module interior. Crew stations will be provided within the crew compartment

for the three man crew. These stations are identified as:

1. Control station (L.H. couch)

2. Center station (center couch)

3, Systems management station (R._{. couch)

4. Navigation station (accessible when center couch is stowed)

The crew compartment will house three couches with spacecraft

adjustment and stowage capabilities and their suspension system. The main

display panel, the guidance and navigation display panels, the right hand

and left hand consoles and all other associated displays and controls required

will also be located within the crew compartment. The trainer command

module will contain equipment bays deployed in their respective locations

(see Figures 17 and 18).

Ingress and egress hatches will be provided as follows (see Figures

1 7 and l 8):

I. The normal center window hatch,

2. A _4" x 51" walk-in hatch through the R.H. equipment bay.

3. An emergency 30-inch-diameter hatch at the top.

The windows of the trainer command module will have simulated

window hatches with crew operable opening and closing window hatch
controls.

87-
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Controls and displays will be provided as required to permit the crew

to control the simulator and monitor the parameters essential to an

acceptable mission performance.

Main Display Panel

The main display panel (see Figure 3) will be positioned above the

heads of the three crew couches in the trainer command module. It will

incorporate the displays and controls for the three operator stations.

Control Station. The control station will be composed of the main

display panel area positioned above the control station'operator's couch.

The station will contain the following displays and controls.

i. Barometric indicator

Z. Event time indicators (Z)

3. Integrated display panel

4, Abort indicator

5. Gimbal position inCdicator

6. SCS control panel

7. Flight director attitude

8. Indicator

9. Rendezvous display

10. A V display panel

]l. Entry monitoring indicator

lg. Master caution indicator group

i 3. Computer keyboard and readout

14. Display

15. GMT clock

-90 -
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Center Station. The Center Station will be composed of the main

display panel area positioned above the center station operator's couch.

station will contain tile following displays and corltrols.

I. Service propulsion display panel

2. Reaction control display panel

3. Abort indicator

4. SCS power control panel

5. Service module quadrant temperature indicator

6. Audio control panel

7. IFTS scan select panel

8. Booster situation indicator

9. ECS (liquid) display panel

10. ECS (gas) display panel

I I. Warning indicator groups (2)

The

System Management Station. The systems management station will

be composed of the ma_n display panel area positioned above the systems

management station operator's couch. The station will contain the following

displays and controls.

i. Electrical power distribution display No.

2. Electrical power distribution display No,

3. Electrical power distribution display No.

4. Master caution indicator group

5. Fuel cells display panel

6. Cryogenic display panel

-91

SID 62-1438



NORTH AMERICA'N

CON

)

7.

8.

9.

10.

Abort indicator

TelecommLmication control panel

Antenna control display panel

Eight day clock

Hand Controllers

Provision to accomodate demountable hand controllers will be incorpo-

rated in the armrests of the control station operator's couch and the center

station operator's couch. The controllers will consist of i three-axis

attitude controller and I three-axis translation controller for each station.

When in use, the attitude controller will be mounted to the right armrest of

each couch and the translation controller to the left armrest, Provision

will be made for stowage of the controllers when not in use.

LeEthand Console

The lefthand console will be located to the left of the main display

panel and Will be accessible to the control station operator. The console

will contain the foll_owing displays and controls.

I. Earth landing control panel

2. Vent valve control panel

3. Lighting control panel

4. Separation control panel

5. Audio control panel

6. Circuit breaker panel

Righthand Console

The righthand console Will be located to the right of the main display

panel and will be accessible to the systems management station operator.

The console shall contain the following displays and controls.

i. Radiation indicator display panel

2. Lighting control panel

92-
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3. Audio control panel

•t. Circuit breaker panel

Navigation Station

The navigation station will be located in the lower equzpment bay,

positioned to provide optimum operator access when center couch is sto_:_d.

The station will contain the following display and controls.

t. Optical measuring unit controls and viewing access

2. Automatic auidance equipment displays and controls

3. Abort indicator

4, Master caution indicator group

5. Panel display lighting controls

6. Computer keyboard and readout display

The navigation station will incorporate provisions to mount 1 three-

axis attitude controller. The display and control panels are shown in

Figure 19.

INSTRUCTORS'STATION

The instructors' console will consist of all ne<essary equipment of a

momtorina, recording, or control nature sufficient to _nsure accomplish-

ment of the part task training mission

Information normally obserwed or controlled bv the crew tn the trainer

command module will be additionally displayed at the instructors station.

This includes duplication of all active crew station displays, switchpos_tions,

control settings, indicators, and ,,_ny other information pertinent to trz, inc, r

operation.

The trainer shall have an override communications loop and facilities

for mating to a GFE call director system (see Figure 20). The call diruclors

shall be supplied dS GFE and shall include the equipment reqmred to compli-

ment the system such as headsets a_d amplifiers. Mounting space shall be

provided for installation o.f call director eqmpment. The override cornmum-

cations loop will provide for corrn'r_unications between the cre\_ station and

instructors' statmn in the event of failure in the GFE switching equipment.

- 9 3 -
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Instructor control of communication will allow command control of

conversation with the crew. The instructor will be able to simulate all

GOSS functions.

Malfunctions and instructor-controlled variables will be accomplished

or ordered by the instructor. The instructor control station will monitor

and control the traimng program, providing alterations 2n this program for

the crew. Actively simulated systems within the trainer Command Module

crew stations will be under instructor monitor and control. Controls Of the

training problem will be effected as follows.

I. Malfunction insertion

2, Switch-controlled inputs exercised by the instructor

3. Variable controls operated by the instructor

Displays

The upper portion of the instructors' console face will comprise

repeater displays of all main display panel instruments and control setting

information available to the crew. AdJacent side consoles of the instructors'

station will contain repeater navigation station and other displays pertinent

to the part task trainer, The instruments will be associated functionally

similar to the instrument arrangement of the Apollo Command Module. The

equivalent display of the crew instrument display will allow ease in viewing

read-out quantities as observed from the respectiw_ instructor's position,

All controls requiring manipulation by the instructor will be located

near the simulated instrument panel display (see Figure, 4).

TP_INER COMPLEX HARDWARE MECHANIZATION AND INTEGRATION

The tabulatton in Appendix C represents the approach to trainer sub-

system hardware integration m accordance with the philosophy established

in preceeding portions of this report. The listing outlines and defines

signal flow (functional) between the computer complex, crew station, and

Instructors station, with a description of all panel parameters to be

mechanized, including the extent of mechanization. A functional diagram

of the trainer complex prepared from the listing will act as the basis for

imtiation of detailed design.

- 98 -
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APPENDIX A

PRELIMINARY INSTRUCTOR AND TRAINING-TIME REQUIREMENTS

Instructor and training-time requirements are listed in Table A-1.

At least two instructors are required for every training operation or session.

A maximum of three instructors is required for training in any one of the

listed operations. The data submitted in this table is provided for the

recommended formal training schedules. An "X' in the table indicates that

formal training will not be attempted for the positions indicated in the

column heading.

Informal training schedules may be instigated at the option of the using

agency. It is anticipated that at least one instructor will be required during

any informal training session. Further studywill more accurately

determine the instructor tasks required and, therefore, the number of

instructors needed per training session. This will be undertaken when more

complete data becomes available.

A-- 1 _,
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Instructor and Training-Time Requirements

Operations

Prelaunch setup and checkout

Final countdown

Positions Occupied

--- LH LH

Time & &

(min) LH C RH

30 X X 3 3

20 X X 3 3

X 3 3

LH,

C, &

RH

Ascent

Earth orbit evaluation

Translunar injection

9 X

53 2

Z1 2

Z 2 3

"Z Z 3

Systems and trajectory checkout [

Midcourse correction I

Lunar orbit injection

Lunar orbit evaluation

18

139

115

100

2

2

2

2

X Z 3

3 3 3

Zor3

Zor 3

2

2or3 3

2or 3 3

Transearth injection

Systems and trajectory checkout II

Midcourse correction [I

61

90

94

2

2

2

2 3

2 2 3

3 3 3

2 2 3

2 2 3

Prepare for earth entry

Earth entry

6O

]5

2

2

A-2
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APPENDIX B

APOLLO SUBSYSTEMS DESCRIPTION

The systems descriptions contained in this appendix are based on

information available at the time of writing. Systems changes which occur

in the future will be revised accordingly.

All system displays and controls applicable to the Apollo Part Task

Trainer will be simulated to represent those in the actual Command Module.

The operation of the various controls will effect applicable displays just as

they would under actual operating conditions. Actual displays and controls,

modified as required for training purposes, will be used where maximum

effectiveness of training will result. Displays and controls not applicable

to the training requirements will be realistically mocked up.

SI.I) 0Z- 1438
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STABILIZATION AND CONTROL SYSTEM (SCS)

SYSTEM DESCRIPTION

The major functions of the stabilization and control system are:

1. Secondary inertial reference

Z. Attitude rate

3. Thrust vector control

4. Manual control

This system includes the sensors, controls, logic networks, displays,

and output devices required for controlling the attitude and motion of the

Apollo spacecraft. The stabilization and control system has several modes of

operation. Depending on the mission phase, these modes carl b_, selected at

crew option. In operation the SCS receives commands .from th< _ guidanct_' and

navigation system or crew znput and causes the dynamics of the spacecraft

to respond to those commands. Thus, in presenting the SCS, the spacecraft

body dynamics must be considered as an integral part of the control loops.

The SCS in conjunction with the deep space instrumentation facility (DSIF),

provides a manual control function for the safe return of the spacecraft, in

the event of a failure in the guidance and navigation system. There are no

requirements on the SCS during the landing phase of the mission. Therefore,

as the descending spacecraft reaches approximately ZS,000 ft, signals from

a baroswitch in the earth landing system jettisons the forward heat shield of

the Command Module and deactivates the SCS. Figure 13-l is a block rtiarzram

of a simulated stabilization and control system.

Displays an(] Controls

The following display and control functions are provided by the

stabilization and control system:

1. Control mode se]ection (8 modes)

g. Attitude deadband adjustment (roll, pitch, yaw)

3. Channel disable comn and (roll, pitch, yaw)
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4. Attitude indication (roll, pitch, yaw)

5. Attitude error indication (roll, pitch, yaw)

6. Body rate indication (roll, pitch, yaw)

7. Attitude command (roll, pitch, yaw)

8. Translation command (X, Y, Z)

9. Engine girnbal angle indication (pitch, yaw)

10. E_.ngine gimbal position command (pitch, yaw)

I I. Emergency ullage fire command

12. Main engine fire commanc! and operation

13. Main engine cutoff command and operation

14. ZX V required command (rnaRnitude set)

15. A V remaining indication

17.

18.

System power ON-OFF command

Rate gyros power control mode select (3 modes)

Attitude gyros power control mode select 3 modes}

:;- 7
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GUIDANCE AND NAVIGATION SYSTEM (G&NS)

SYSTEM DESCRIPTION

The guidance and navigation system performs the semiautomatic

calculations of spacecraft position, velocity, attitude, and trajectory and

provides control signals to the stabilization and control system to alter or

correct these parameters to successfully guide the spacecraft through the

various mission phases from earth orbit to earth reentry and landing. The

G&_NS is composed of the following major components.

1. Inertial measurement unit

Z. Apollo guidance computer

3. Coupling display unit

4. Scanning telescope

5. Sextant

6. G&N displays and controls

7. Rendezvous radar

8. Optical beacon

The on-board system is backed up by the ground operational support

system (GOSS). A block diagram of a simulated system is shown in

Figure B-Z. For displays and controls see Figure 19.

Displays and Controls

Displays and controls located at or adjacent to the navigator's station

I. Computer group

a. Keyboard

b. Call up variables (nixie lights)

c. Conditional lights

_9
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Be

1

ao

b.

C.

d.

e.

fo

go

h.

i.

j.

k.

1.

d. Program selector

e. Print out control

f. Keyboard tape selector

Sextant and scanning telescope group

Mode selector

Two-axis pencil stick controller for optics

Precision-axis pencil stick controller

Speed selector for optics control stick

Computer-manual drive selector

Computer "mark" button

Sextant line _of sight selector

Cranks for manually positioning scanning telescope

Scanning telescope shaft and trunnion angle display

Sextant shaft angle indicator

Sextant optical bridge

Tracker connector for sextant automatic tracking eyepiece

m. Backup bellows pump handle

n. Attitude roll-rate control stick

o. Attitude disable control

p. Single impulse control for roll attitude

Inertial measuring unit group

a. PSA control and IlViU heater

b. Temperature indicator

B-13
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C.

®

10.

+

%['o rn}_e Ya Ltrr_ _ s_].ect or

d. T}xrust aecc]em:)m::t_ r control, s

4. Coupling display unit group

a. C onq pute r- manual selector

b, Mode selccl.or

c0 CDU angle readout

d. Speed controls

e. Attitude error display

5. C}y ro- torque r £ r'oup

a_ Ggro selector

b. Polarity selector

c. Speed selector

oo Printer

7. Instruction temp.[ate

8. Clock group

ao GMT clock

b. F'iln_ strip selector

c. Manual film advance control

d. Film frame counter

e. Film storage

G&N power controls

Conditional, caution, and abort lights

B-14
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Main display panel

l. Con_pute r _roup

a. Kevl_oa-rd

b. Call up variables

('. Computer conditional lights

d. ProL, ram sele(/.or

g. Radar aruup

a. Doppler velocity

b. Radar :1ltitude

c. Tracldn Z r_l(lal"

3. Attitude error signals

4. IMU _imbal angles display

5. Viewer

6. G&N conditional liuhts and ('onlro]s

Presentation of Naviga, ion _tnd _-']iehi Procedure

A display will b(: provided which is <apable

rc:cc_rde(l informatlon as requir(:c_ for isolah,d pa. rt

l. NaviL, ation ,kmrls and maps

2. (]uidan<,._. (:()mputwr _p "/_tin< pco(-cdurw>;

3. F'li_._ht pro(e(lure (che<klist! inf,.,r_,ation

4. ( .,:q]p]]lational aids for CG _i];,_>.; _,..rne.nt

5. C,.)_qi,)utati,-,n.al :ii{Is to,- t r,'>ett/.na ()f fli_.,ht

In fo t'rnat_()n

of visuat p.res(?ntati_')n of

task tra ining inc'lu,t ine2:

)n: to] :;
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P_OPULSION SYSTEMS

SYSTEM DESCRIPTION

The crew is required to monitor and control propulsion systems during
all phases of a mission. These systems are:

I. Service propulsion system (SPS)

Z. Reaction control system - Service Module (RCS-S/M)

3. Reaction control system - Command Module (RCS-C/M)

Service Propulsion System (SPS)

The service propulsion system provides propulsion for orbital cor-

rection, rendezvous maneuvers, midcourse velocity corrections (AV), post
atmospheric aborts, and retrograde thrust from an earth orbital mission.

The service propulsion rocket engine utilizing liquid propellants is a non-

throttleable engine. The engine is gimballed to prowide vehicle stabilization

and control. Operation of th_ gimbal actuators is controlled by commands

from the stabilization and co 2ol system (SCS) with an override provision
for crew operation.

The Service Module propulsion propellant feed system provides for

fuel and oxidizer storage and a pressurization system for propellant tanks.

The system functions automatically by means of electrical inputs which

sequence the system operation. Displays for the purpose of monitoring

system functions and controls providing manual override capability are

located on the service propulsion control panel in the Command Module.

Reaction Control System - Service Module (RCS-S/M)

The service reaction control system provides the impulses for attitude

control and stabilization for the space vehicle in all phases of flight except

on earth launch prior to earth parking orbit. The system also supplies
retrograde propulsion for separation of the Command Module and Service

Module prior to the reentry phase, The engine thrust chambers are the on-

off (bang-bang) type units capable of delivering one hundred pounds of vacuum

B-17
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thrust. The complete system consists of four similar reaction control

systems. These systems operate simultaneously, during normal operation.

Each individual propellant system consists of a pressurized helium storage,

an oxidizer storage, a fuel storage and individual distribution subsystems.

The pressure subsystem is employed to provide propellant flow to the

reaction control engines. The system is designed to operate automatically,

with override controls provided for crew control. The reaction control

display panel provides valve controls for propellant shutoff and displays for

monitoring temperature, pressure, propellant quantities and malfunctions.

Reaction Control System - Command Module (RCS-C/M)

The reaction control system is composed of two independent systems

utilizing six-pulse-modulated, pressure-fed bipropellant thrust generators

each. The system provides three axis control of the Command Module prior

to the onset of aerodynamic moments, roll control, and pitch and yaw damping

during reentry. This system can also be employed for stabilization and

attitude control of the Command Module and launch escape system during

abort maneuvers. Normal operation is controlled by electrical impulses

generated in the stabilization and control system. Operation of the two systems

is simultaneous. In the event of a system failure, the remaining system

provides adequate control to safely connplete the reentry portion of a mission.

The reaction control system panel provides the displays and controls for

normal and emergency operations. A block diagram of the propellant systems

is shown in Figure B-3.

DISPLAYS AND CONTROLS

Service Module Reaction Control System

The following display and control functions will be provided on the RCS

panel for the four {4} independent S/M reaction control systems:

I. Quantitative indication

a. Fuel tank quantity

b. Oxidizer tank quantity

c. Helium regulator outlet pressure

d. Package temperature

B-t8
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2. Event indication

a. System indication malfunction

b. Propellant shutoff valve operation (closed)

3. System controls

a. System selector switch

b. Propellant shutoff switches

c. System indicators

Command Module Reaction Control System

The following display and control functions will be provided for each of

the two independent C/M reaction control systems:

1. Quantitative Indication Displays

a. Fuel quantity

b. Oxidizer quantity

c. Helium tank pressure

d. Helium regulator outlet pressure

2. Event Indication Lights

a. Propellant shutoff system (closed)

b. System indication malfunction

3. System Controls

a. System selector switch

b. Propellant shutoff switches

c. System indicators

d. System activation arm command

e. System activation fire command

B-2I
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'Fhe following display and control functions will be provided for the

service propulsion system:

]. Quantitative Indication Displays

a, Fuel quantity (individual tanks and total)

b. Oxidizer quantity (individual tanks and total}

c. Propellant ratio indicator

d. Fuel tank pressure

e. Oxidizer pressure, engine inlet

f. Helium tank pressure

g. Helium tank temperature

Z. Event indication displays

a. Prop. valve (4) operation (open)

b° Chamber wall temp high

c. Helium reg shutoff valves (2) operate

3. System controls

a. Helium reg shutoff valves (Z) operate command (on-off)

b, Propellant ratio valve (lean-rich} command

F_+22
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COMMUNICATION AND INSTRUMENTATION SYSTEM

SYSTEM DESCRIPTION

The communication equipment provides voice, television, telemetry,

tracking and ranging communications between the spacecraft and the ground

stations during flight operations, and provides telemetry, ranging, tracking,

and voice communications with the LEM during lunar operation. Inter-

communications equipment, television equipment, and digital data processing

equipment are also provided. For use during rescue operations, emergency

voice communications and radio recovery beacons are included.

The instrumentation equipment monitors the operation of various

spacecraft equipment and provides detection and displays for operations of

the spacecraft. The spacecraft central timing equipment provides data for

synchronism of on board equipment and for the time displays. A tape

recorder is provided to store data on board for delayed transmission and/or

for recovery with the spacecraft.

Figure B-4 is a block diagram of a simulated communications and

instrumentation system.

Displays and Controls

Displays and controls are provided for the following communications

and instrumentation subsystems:

1. Communications and data

2. Television

3. Antennas

4. Central timing

Communications and Data Subsystem

1. DSIF operational mode selection (7 modes)

2. DSIF power mode selection (5 modes)

3. Pulse code modulation format selection (Z modes)

B-Z3
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.

5.

6.

m

8.

9.

I0.

11.

12.

13.

14.

lB.

16.

17.

18.

19.

ZO.

21.

DSIF oscillator mode selection (3 modes)

Radio relay circuit selection (Z modes')

C-band transponder ON-OFF command

VHF FM transmitter ON-OFF command

VHF AM transceiver mode selection (3 modes)

VHF AM transceiver frequency selection (Z frequencies)

HF transceiver mode selection (3 modes)

VHF recovery beacon mode selection (3 modes}

Tape recorder ON-OFF command

Tape recorder mode selection (3 modes)

Tape recorder speed/direction selection (4 modes)

Voice operated relay sensitivity adjustment

Audio volume adjustment

VHF AM audio mode selection (3 modes)

HF audio mode selection (3 modes)

DSIF audio mode selection (3 modes)

Intercommunication audio mode selection (3 modes)

Transmitter keying mode selection (2 modes)

Television Subsystem

I. Television ON-OFF command

2. Television and readout display (not operable)

B-27

SID 62- 1438



NORTH AMERICAN AVIATION, iNK. $PACE and 1NFOI:_MATION SYSTEMS DIVI$ION

Antenna Subsystem

1. Automatic gain control level indicator

2. High gain antenna position (pitch, yaw) indicator

3. High gain antenna deployment completion indicator

4. DSIF antenna selection (2 antennas)

5. High-gain antenna deploy command

6. High-gain antenna drive mode selection (2 modes)

7. High-gain antenna position command (pitch, yaw)

Central Timing Subsystem

Means are provided for the display of Greenwich Mean Time. The

GMT display is manually correctable. A nonelectric backup GMT display is

also provided. Means are provided for the display of time to and from event.

The display accommodates two independent events. The display is manually

presetable and capable of manual initiation.

B..28
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ENVIRONMENTAL CONTROL SYSTEM (ECS)

SYSTEM DESCRIPTION

The environmental control system provides and controls the environment

in which the flight crew must operate and also provides cooling for items of

electronic equipment as required.

Provisions are included for a water management program which supplies

both potable water and water for sanitation needs. The systems also provides

for dissipation of the major portion of the spacecraft excess internal heat

load. Also considered are the storage and regulation of an independent oxygen

supply to the Command Module cabin and pressure suit connections for use

during the reentry phase.

Regenerative conditioning of the Command Module atmosphere includes

the following:

I. The removal of debris, carbon dioxide, and trace contaminants.

2 The addition of sufficient oxygen for metabolic needs and

pressure control,

3. Temperature and relative humidity control.

Operation is automatic and control is obtained through electrically

actuated, manual and pressure regulator type valves, Critical system areas

are provided with manual override capabilities. Figure B-5 is a block

diagram of a simulated environmental control system.

Displays and Controls

Displays and controls are provided for the environmental control

system as listed below.

Environmental Control System (Liquid)

Dis plays :

I. Evaporator outlet (steam) temperature

2. Coolant inlet temperature

SII0 62- 1438
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3. Coolant outlet temperature

4. Coolant discharge pressure

5. Coolant reservoir quantity

6. Potable water tank quantity

Controls:

1. Coolant pump selector (2 pumps)

Z. Radiator selector (4) operation command

Environmental Control System (Gas)

Dis play s:

1. CO Z partial pressure

Z. Compressor /x p

3. Cabin pressure

4. Suit inlet pressur_

5. Cabin temperature

6. Suit inlet temperature

Cryogenic Storage System

Displays:

1. Hydrogen pressure (tank 1 and 2)

2. Oxygen pressure (tank 1 and 2)

3. Hydrogen temperature (tank 1 and 2)

4. Oxygen temperature (tank 1 and Z)

B-33
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Controls:

I. Hydrogen manifold shutoff SW.

2. Hydrogen manifold isolation SW.

3. Oxygen supply ECS SW. (2}

4. Oxygen supply fuel cell SW. (2)

5. Oxygen manifold shutoff SWo (Z)

6. Oxygen manifold isolation SW.

7. 0Z H 2 system indication SW.

._P.,'%CE [uld INFORNIATIllN 8YSTE_{S DI\'IBION

(z)

- inlet- outlet
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ELECTRICAL POWER SYSTEM (EPS)

SYSTEM DESCRIPTION

The electrical power system controls ancl regulates power, converts

power, stores electrical energy, distributes power, and tests the over-all

electrical system. The system utilizes redundant subystems to convert,

regulate, and distribute required DC and AC power to the individual space-

craft systems at the required time. The system functions are regulated

automatically. ]k_anual selection and control of individual functions and

system test override controls are also provided.

The Service Module electrical power system generates and distributes

electrical power and a].so stores, distributes, regulates and controls the

reactants provided for the electrical power supply and environmental control

system.

Figure B-6 is a block diagram of a simulated electrical power system.

Displays and Controls

The following displays and controls are provided for the electrical

power system.

Power Distribution Display Panel No. l - Controls

Bus A-FueiCell i, Z, and 3. Three Z-position maintaining ON-OFF

switches which turn power on or off from fuel cells I, Z, and/or 3 to bus A.

Bus B - Fuel Cell I, 2, and .3. Three Z-position maintaining ON-OFF

switches which turn power on or off from fuel cells I, Z, and/or 3 to bus B.

Ground Power - Bus A and Bus B. Two Z-positron maintaining ON-OFF

switches which turn power on or off from the ground bus to spacecraft bus A

and/or bus B.

Post Ldg. Bus - Battery A, B, and C. Three Z-position maintalning

ON-OFF switches which turn power on or off from post landing batterles A,

B, and/or C to the post landing bus.

B-35

-q t-) 6 _- l 4 3 8





NORTH AMERICAN AVtA'ItON. INC,

Power Distribution Display Panel No. 2 - Controls

Indicator Select. The selectors are pushbutton interlocking type and

select which of the ten items will be displayed on the DC volts and DC amps
meters.

The items are:

i. F/C l, Z, and 3

2. Battery A, B, and C

3. Bat charge

4. Bus A and B

5. PL bus

Under Voltage Reset. Momentary pushbutton switch which permits

the entry batteries to be disconnected from the main DC buses (RESET

po sition).

Battery A, B, and C. Three 3-position maintaining ON-OFF switches

which permit the undervoltage sensing circuit to operate normally (NORM

position), keep the entry battery off the DC buses if an undervoltage

condition exists (OFF position), or connect the battery to the DC buses if

no undervoltage condition exists (ON position).

Power Distribution Display Panel No. 2 - Displays

DC Volts and DC Amps. Two meters which display the voltage and

current from FC I, FC Z,FC 3, battery A, battery B, battery C, battery

charger, or the voltage only on bus A, bus B, or post landing bus, as

selected by indicator select pushbutton.

Output DC Bus Undervoltage. Indicator lamp; indicates the condition

of a relay (closed in the relaxed state) connected to the main DC relay bds.

Lamp signals when the voltage on the main DC relay bus falls below a limit
value.

Power Distribution Display Panel No. 3 - Controls

Component Temperature Selector. The selectors are pushbutton inter-

locking type and select which of the seven items will be displayed on the

component temperature meter.

B-39
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'The items indicated are:

i. Inv 1, Z, and 3

2. Bat A, B, and C

3. Sequencer

Battery Charge Selector. Four pushbutton interlocking type selectors.

The battery charger is connected to battery A, B, or C, or OFF as selected.

Bus Ind Control. One Z-position, l-Z, selector switch. Selects the

bus parameters to be displayed on the AC volts and frequency meters.

Indication Selector. The selectors, A, B, and C, are pushbutton

interlocking type. These selectors work in conjunction with the selected

Bus Indicator and display the selected parameters on the AC volts and

frequency meter.

Inverter DC Input. Three Z-position maintaining ON-OFF switches

which turn on or off the DC power to the respective inverters.

Inverter AC Bus I and Bus 2. Six Z-position maintaining ON-OFF

switcl_es which connect respective inverters (I, Z, or 3) output to AC bus i

or AC bus 2. The controls are interlocking so that at any one time only one

Inverter can be connected to one bus.

Power Distribution Display Panel No. 3 - Displays

Comp Temp Meter. One meter which displays the temperature of the

component selected by the component temperature selector.

AC Volts Meter. One meter which displays the voltage of any one of

the 3 AC phases on either of the 2 busses as selected by the indication

selector and the bus indicator control.

Frequency Meter. One meter which displays the actual frequency on

bus selected by the bus ind control.

AC No. 1 and No. Z Fail. Two indicator lamps indicate information

from frequency sensors on bus 1 or bus 2. Lamps signal when the frequency

exceeds a limit value.

Inverter Overheat. Indicator tamp indicates information from

temperature sensors on the inverters. Lamp signals when an inverter's

temperature rises above a limit value.

;_ -._40 .Jmlml
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Fuel Cells Display Panel - Controls

System Indication Selector. The selectors, OFF, I, Z, and 3, are

pushbutton interlocking type. They select which of the 3 fuel cells parameters

will be displayed on the meters and which fuel cell will be affected by the

activation of H Z purge or 0 2 purge controls. Indicator lamps located behind

switches l, 2, 3, illuminate when limits are exceeded in that fuel cell system

regardless of switch position.

Purge H 2 and 0 2. Two Z-position maintaining start-stop switches.

Switch energizes vent valve which allows purge gas to flow (START position}.

Lamps behind the start section of the switch signal when the respective FC

purge valve is open.

Pump !, 2 and 3. Three ?.-position maintaining ON-OFF switches

which turn on or off the respective pumps.

Squib Arm 1, g and 3. The selectors 1, 2 and 3 are pushbutton type and

arm the respective F/C's gas supply reactants isoiation vaive squib.

Reactants Isolation. Pushbutton control, ISOLATE,

causes selected armed isolation valve to be blown shut.
when depressed

Reg Out Pressure Selector. The selectors 02 , HZ, and N 2 are

pushbutton interlocking type. They controlwhich reg out pressure is dispIayed

but do not controI the indicator lamps iocated behind the switch. The lamps

signal when a respective gas reg out press, goes outside a limit value,

regardless of switch position.

Mod Temp Selector. The selectors, cool, skin, exh, are pushbutton

interlocking type. They control which tern pis displayed. Indicator lamps

located behind switches illuminate when temp exceeds limits regardless of
switch position.

pH Selector. The selectors, IND. and COLL, are Z-position main-

taining switches. IND. selection displays pH value for the respective

selected system. COLL, selection displays pH value in HzO Iine between

F/C and C/M. Indicator Iamp located behind "IND." illuminate s if pH

exceeds limits in individual fuel cell.

Flow Rate Selector. The selector, HZ. and 02, is on a 2-position

maintaining switch which selects the flow rate to be displayed on the meter

Indicator lamps iocated behind H2 and 02 switches illuminate when limits

are exceeded regardless of switch position.
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Power Distribution Display Panel No. 3 - Displays

P_eg Out Press Meter. Meter displays information from the pressure

sensors at the outlet of the regulators in the H Z, O 2, and N Z lines as

selected by the selector switch.

Mod Temp Meter. Displays information from temperature sensors

located on the FC skin, in the glycol line at the FC module inlet and in the

FC condenser exhaust line as selected by the selector switch.

pH Meter. Meter displays information from pH sensor selected by the

selector switch.

Flow Rate Meter. Meter displays information from flow rate sensors

located in the H Z and 0 2 supply lines as selected by the H Z - 0 2 selector.

B-42
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LAUNCH ESCAPE SYSTEM (LES)

SYSTEM DESCRIPTION

The function of the launch escape system is to separate the Command

Module from the Service Module and to deflect it from the trajectory of the

boosters in the event an abort of the mission is required. If an abort signal

is received before lift-off the launch escape system must have sufficient thrust

to lift the Command Module to a minimum altitude of 4000 feet and to translate

it laterally at least 3000 feet at apogee to allow safe deployment of the earth

landing system. A block diagram of a simulated launch escape system is

shown in Figure B-7.

The launch escape system is comprised of a maln launch escape motor

of approximately 195,000 pounds thrust at sea level and 70 F for vertical lift

of the Command Module, a kicker motor of approximately 3100 pounds thrust

for lateral translation of the system, and a tower jettison motor of approxi-

mately 33,000 pounds thrust for pulling the launch escape tower and motors

out of the trajectory of the spacecraft approximately 15 seconds after ignition

of the second stage booster following normal launch or immediately prior to

deployment of the earth landing system in the event of an abort. The operation

of the system is controlled by the integrated abort system of the launch vehicle

with pilot command override.

Displays and Controls

The displays and controls of the launch escape system are composed of

the following:

Displays:

I. Abort sequence ready

Z. Abort sequence initiate operation

3. LES tower mechanism release completion

4. LES tower mechanism not released
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Controls:

1. Abort sequence arm command

2. Abort sequence initiate command

3. Tower jett son sequence initiate command

4. Launch escape rrotor fire command
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EARTH LANDING SYSTEM (ELS)

SYSTEM DESCRIPTION

The earth landing system provides Command Module stabilization and

reduces vertical landing velocity from any mission or abort operation. The

system stabilizes the Command Module following reentry into the earth's

atmosphere.

Stabilization is accomplished by a drogue parachute during early

descent and by a group of three landing parachutes during the remainder of

the descent. The system includes manual controls for disconnecting the

main parachutes, ejecting the SOFAR bomb and dye marker, and erecting the

post landing HF and VHF antenna. Figure B-8 is a block diagram of a

simulated earth landing system.

The earth landing system is normally deployed by pilot command

following reentry and at a maximum altitude of 25,000 feet. In the event

of an abort of the mission in which the launch escape system is operated the

earth landing system sequence will be initiated automatically three seconds

after ignition of the escape tower jettison motor.

Any of the recovery operations can be started at any time by pilot

command except the erection of the VHF antenna which is delayed for

15 seconds following the pilot command; and the release of the main parachute

bridles, and the deployment of aids to navigation which are delayed for

twenty seconds following the pilot command.

Displays and Controls

The displays and controls for the earth landing system are as listed

below:

Displays - event indicator:

I. Earth landing sequence ready

Z. Forward heat shield jettison completion
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3. Main chute bridle release completion'l-"

4. Water recovery aids deployment completion","

5. Recovery beacons deployment completion*

6. Drogue chute deployment completion

Controls:

1. ELS sequence arm command

2. Window covers operate command

3. Forward heat shield jettison command

4. Drogue mortar fire commalrid

5. Main chute deploy command*

6. Main chute release command*

7. Water recovery aids deploy command",-"

8. Recovery beacons deploy command*

Other:

A barometric pressure display is provided for event monitoring of

baroswitch operation during the recovery phase and for quantitative pressure

altitude indication under low altitude, low roach number conditions.

_;_Indicates an item of equipment which will be nonfunctioning on the trainer.
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IN-FLIGHT TEST SYSTEM (IFTS)

SYSTEM DESCRIPTION

The In-flight test system provides the crew with a rapid check on the

status of the spacecraft systems and also indicates the faulty module.

The In-flight test system provides a GO-NO GO test point readout

showing which spacecraft system and subsystem failed, a means for manual

testing, rnaintenance instructions, and a centralized panel to provide for

ground checkout and telemeter dat_ requiren_ents.

Figure B-9 is a block diagram of the In-flight test system. The

principal subsystenis arc as follows:

I. Central panel

Z. Programmer

3. Switcl_ing complex

4. Compa rator

5, Crew readout

6. Stimuli generator

7. Manual test unit

Central Panel

This panel is the termination area for all test point wiring originating

in the spacecraft systems to be monitored by the IFTS or used in manuai

te sting.

Programmer

A sequence which controls the switching complex and comparator.

S witc hing Corn pIex

Connects the test points to the comparator.
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Figure B-10. Geolxletry of Earth Orbit
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Figure B-l[. Total Coverage of SCT at 25 ° Offset Search Mode Position
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Figure B-12. View on Surface for Trunnion Axis Freedom
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center, and mark the landmark. Other functions must be performed,

however, before the landmark is acquired.

Procedure

The orbit determination sighting procedure may be broken down into

the following steps.

Preparation. During the preparation phase nlany things must be done.

The first function will be to properly position the vehicle in attitude, if it is

not already so. The required attitude is shown in Figure B-IZ. While the

attitude is being changed, the operator will determinh which landmark will

be coming up next. He will then select the chart in the viewer which shows

the landmark and surrounding area. The telescope shaft axis will be locked

at zero. and the trunnion axis rotated up about Z5 degrees. At this time the

operator will look through the telescope to acquire the landmark, if the

orbital parameters are well enough known so that the out-of-plane error may

be determined, a roll maneuver is initiated prior to acquisition. This will

do two things: (i) help in acquisition, and (2) decrease the time required to

center the landmark.

Acquisition. Once the initial preparations have been completed the

operator will begin looking throughthe telescope. The 60 degree field of

view will be used to give maximum visibility of the earth surface. Having

looked at the slide stored in the viewer of the area near the landmark, the

operator will be able to recognize when he is in the vicinity of it. A landmark

may be almost anything which is recognizable and has a distinguishing mark

on it. The size of the landmark may be about i to 10 miles with a

distinguishing mark of about 0.5 miles. Typical landmarks could be

coastlines, islands, lakes, or cities, Once the basic landmark has been

acquired, the centering phase will start.

Centering and Marking. The centering phase is the most critical phase

in an orbit determination sighting. Once a landmark has been acquired there

will be only a short time for the centering. This time will be about

60 seconds. As was mentioned earlier, it is desirable to make more than

one reading from the same landmark.

The first maneuver to perform in centering the landmark is to roll the

vehicle until the landmark is positioned on the "R" line. The operator will

use the attitude hand controller to perform the roll maneuver. Once the

landmark is on the "Ft" line, mi_imum impulse control will be used to

maintain that alignment. Next the trunnion angle will be slewed out until the

crosshairs are about centered on the landmark. The magnification of the

SCT will then be switched to 3X and fine adjustments will be made to place

the crosshairs over the distinguishing feature of the landmark. When the

feature is well centered, the CDU lock button is pressed.
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Midcour se Navigation Sighting

The following is a detailed procedure of how a midcourse navigation

sighting is performed. The angular coverage provided by the optics is

assumed to be as shown in Figure B-13. The SCT field of view is shown as

it will be for the SCT slaved to the Z5 degree offset position and with the

trunnion axis parallel to the command module pitch axis.

During the navigation sighting, the command module will be orientated

such that the shaft drive axis will be along the landmark llne of sight. For

minimum reorientation time and fuel requirements between sightings it is

also desirable to have the plus roll axis orientated toward the earth-moon

line of centers. Orientation maneuvers when changing between earth and

moon landmark sightings will then be performed predominantly in roll with

small pitch angle changes, The trunnion axis of the SXT will be aligned

perpendicular to the plane defined by the landmark and star line of sight.

The midcourse navigation sighting procedure is composed of two parts.

The first part describes the tasks necessary to prepare the lower equipment

bay for navigation sightings and the second part describes the tasks necessary

for each measurement. It is assumed that the SCS attitude reference is

It is also assumed that the G&N optics have beenoperating and aligned.

zeroed,

i. Preparation

a. Press computer power switch to "ON."

b. Switch optics power switch to "ON,"

c. Switch "Map and Data Viewer' power switch to "ON."

d. Select "procedure" film strip with "film selector.'

e. Crank viewer to procedure for "Midcourse navigation fix - IMU

on standby," and identify time at which procedure is to begin.

f. Press "VERB" button on keyboard.

g. Select G&N mode "VERB" code (for "navigation") from viewer.

h. Insert 'VERB" code in keyboard.

i. Press "Enter" button on AGC keyboard,

j. Observe correct "VERB" code on display.

k. Press "NOUN" button on keyboard.

i. Select G&N mode "NOUN" code (for "midcourse - flU on

standby") from viewer.

m. Insert "NOUN" code in keyboard.

n. Press "Enter" button on AGC keyboard.
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O.

p.

panel.

Measurements

a.

b.

Observe correct "NOUN" code on display.

Request SCS mode for "SCS attitude control" at main display

Select "Landmark LOS 0°"ontelescope slave control.

Select 'Resolved" on optics controller mode switch,

"normal" on optics zero selector.

and select

c. Select "Hi" on optics speed control switch.

d. Determine "star" and "star map" (required for orientating

positive roll axis) from viewer,

e. Select "map" filrn strip with "film selector."

f. Crank viewer to star map required.

g. Identify star on star map.

h. Identffy star through window.

i. Orientate command module so that positive roll axis is

directed approximately toward the reference star.

j. Select "procedure" film strip on viewer.

k. Determine "landmark" and "landmark map" from procedure.

1. Select "map" film strip on viewer.

m. Crank viewer to landmark map required.

n. Identify landmark on map.

o. Select "tin-ms one" power for SCT eyepiece, and drive

trunnion angle to zero.

p. Acquire earth or moon in SCT field of view.

q. Identify landmark in field of view of SCT.

r. Center landmark in field-of-view using three axis hand

controller (see Figure B-14).

s. Identify landmark in SXT field-of-view.
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Center landmark image in SXT field-of-view with minimum

impulse control.

Request 0.5 degree SCS deadband.

Select "offset 25 degrees" on telescope slave control.

Select "procedure" film strip on viewer.

Determine "navigation star" and "star map" from

procedure.

Select "map" film strip on viewer.

Crank viewer to star map required.

Identify star on star map.

Acquire star in SCT fietd-of-view with shaft axis rotation.

Align star with principal axis of SCT so that star is in

center half of field-of-view.

Select "times one" power on SCT eyepiece.

Select "MEDIUM" on optics speed control switch and

"Star LOS" on "Slave telescope" control.

Identify star in SCT field-of-view.

Realign star with principal axis of SCT within center half

of field-of-view.

Select "times three" power on SCT eyepiece.

Identify star in SCT field-of-view.

Realign star witn principal axis of SCT within center sixth

of field-of-view.

Select "direct" on optics controller mode Switch.

Select "low" on optics speed control switch.

Identify star in SXT field-of-view.

• _._ _ ._, - + 7,_B-70

SID 62 +1438



NORTH AMERICAN AVIATION, INC _PA(?E ilnd INF't}HI_IA'FION _'fBTI_3NIB [%)_VI.BION

nn. Bring star image to within 0.5 degrees of principal axis of

SXT field-of-view with optics controller.

OO. Drive star image toward launch mark image with trunnion

motion using optics controller.

pp. Select five degree deadband.

qq. Align star with imaginary line through center of landmark

image until parallel to M lines.

mr. Press "MARK" button when images are aligned as

described in step qq.

IMU Alignment

The function of the IMU in the Guidance and Navigation System is to

provide a known inertial reference. A known inertial reference is required

during powered velocity changes {_V), orbital navlgation sightings, and

entry. For powered velocity changes, vehicle attitude is supplied by the

IMU and the IMU accelerometers monitor the velocity change. For orbital

navigation the SCT provides angular information with respect to the

navigatlon base, and the IMU provides the navigation base to inertial angular

information. During entry the IMU accelerometers sense velocity changes

due to atmospheric drag and is used to control the vehicle in roll.

Procedure

Star Sighting. To have the platform aligned to a known inertial attitude

sightings are made to two different stars using the sextant. The only

constraints on the vehicle attitude due to the use of the sextant is that the

sextant shaft axis is pointing out into space. One LOS of the sextant will

contain stars.

The first step in the alignment procedure is to acquire a known star.

This is accomplished by sighting through the telescope, recognizing the star

pattern, and selecting a cataloged star in the field-of-view as shown in the

S/C viewer. The selected star is then centered in the telescope by using the

shaft and trunnion controls. Next the operator sights through the sextant and
observes the selected star and centers it. When the star is centered the

operator presses the mark button. The computer then records the SXT

trunnion and shaft angles and IMU gimbal angles to insure that these angles

are associated with a particular star, the operator enters into the computer

keyboard the star identification.
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To make the second sighting the telescope is moved so tlaat its field-of-

view enco:_passes a different star field and the above procedure is then

repeated.

During the time the sightings are made the CDU is in a follow mode.

this mode, as the platform ts torqued or it drifts, the resolvers on the

gimbals send the new angular positions to the CDU resolvers. The CDU

resolvers compare their position and the [MU resolver position to generate

a difference signal. This difference signal goes to the CDU shaft drive

motors, wlaich rotate the resolvers until the difference signal goes to zero.

The resolvers in the IMU and CDU are now at the same angular position.

The encoder on the CDU shaft transmits the angular position to the AGC.

In

Alignment. The actual IMU alignment procedure may be divided into

two phases; coarse and fine align. In the coarse alignment mode the gimbals

are torqued directly at a high rate and the gyros are in a "caged" mode. tn

the fine align mode the gyros are torqued by the computer at a slow rate

which in turn torque the gimbals to the desired orientation.

Coarse Alignment. Figure B-15 shows the signal flow for a coarse

IMU alignment. The required two angles to be stored in the AGC may come

from the following sources: Two star line-of-sight readings taken using the

sextant. The procedure for using the sextant is as described above.

The computer, using the stored angles, determines the desired

orientation of the IMU with respect to the vehicle,frame. This angular

command is then sent to the CDU to position the resolver shafts. An encoder

on the CDU shaft transmits the actual shaft position back to the computer

closing the loop. A difference now exists between the resolver positions in

the IMU and CDU. Due to this position difference, an error signal is genera-

ted in the CDU. This error signal is amplified in the PSA and sent to the

IMU where the gimbals are driven. The output of the gimbal resolvers in

the IMU is sent to the CDU. When the difference between the resolvers goes

to zero, the error signals becomes zero and the IMU is coarse aligned.

During the coarse alignment torquing phase, the gyros in the IMU are

electrically 'caged. " At the end of the alignment the gyros will still be at

zero, at which time they are uncaged.

Fine Alignrnent. After the IMU has been coarse aligned, the operator

will initiate the fine align mode. He will make the sighting on two stars as

described previously and the computer will start the fine alignment. In this

mode the AGC monitors the vehicles attitude drift via the CDU during the

fine alignment procedure prior to gyro torquing and this drift is accounted
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for in the alignment. There still will be a slight error due to gyro drift and

the linearity of the tyro scale factors during gyro torquing. The accuracy of

the fine align is about l arc minute.

Figure B-16 shows the block diagram for fine alignment. The computer

again determines tne desired attitude of the platform, but this time the

command is sent to the IMU gyros in the IMU. When the gyros are torqued

they develop an error signal which is sent to tne PSA and amplified. The

amplified s_gnal is then sent back to torque the gimbals of the IMU. This

completes the fine alignment procedure for the IMU.

The operator may now initiate any maneuver which requires prior IMU

alignment. The time required to perform the fine alignment is about five

minutes. This time includes the sighting of two stars and the gyro torquing

of the platform.

IMU Alignn-lent During Orbit

The SCT shaft axis will be pointed away from earth toward a star within

_=50 °. A roll rate of 0.7 min/sec may be tolerated. This procedure may-

have two courses; one, the angular sighting may be between a known _tar and

a Lunar landmark or; two, between two sets of stars in different planes.

There will be two alignments per orbit with the first being performed

immediately after injection and the second approximately I/2 orbit later.

IMU Alignment During Mid-Course

The !MU alignment during mid-course will be similar to that of IMU

alignment during orbit with the exception that during the early portion of

mid-course maneuver sightings will be on an earth landmark and a fixed star

while the latter portions of the rnid-course maneuver will sight on a lunar

landmam< and a fixed star.

It is expected to have three alignments spaced at 5, Z0, and 50 hours

after translunar injection.

Navigation Fixes of all Phases

The navigation fixes wilt depend mainly on the phase of the vehicle.

The earth orbita! phase has been considered previously whereas the other

phases are considered as follows:

T rans lunar Mid-Course

First 3./4 of an hour after injection used for necessary maneuvering

for LEM transposition.
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Next 4-1/4 hours vehicle orientated so that SXT shaft axis is pointed

toward earth landmark. Many SXT sightings taken on a star and earth

landmark throughout this period.

Next 5 hours vehicle orientation remains the same. SXT sightings
taken every I/2 hour on a star and earth landmark.

Ten hours after injection vehicle orientated with SXT shaft a±is toward

lunar landmark. Navigahon sighting taken every 3 hours using star and lunar
landmark.

Lunar Approach

A great number ot fixes will be taken with the shaft axis of SXT toward

lunar landmark.

Lunar Orbit

The SCT must point at the lunar landmark with tlae shaft axis set and

locked at zero while the vehicle X, Z plane must pass through lunar landmark.

The navigation fixes will be taken on illuminated portion of lunar surface in

the prescribed manner: 3 lunar landmarks on first orbit; 3 lunar landmarks

during orbit prior to LEM pickup; 3 lunar landmarks durlng orbit prior to
transeartl_ injection.

Transearth Mid-Course

First 2 hours vehicle orientated such that the SXT shaft axis toward

lunar landmark. Many sightings on star and lunar landmark throughout this
period.

Next 24 hours vehicle orientated with SXT shaft axis toward lunar
landmark.

Next 32 hours SXT sightings taken every 3 hours on a star and earth
landmark.

Beyond 58 hours continuous sightings on a star and earth landmark until

pr.eparation for entry phase is executed.
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APPENDIX C

FUNCTIONAL SYSTEMS INTEGRATION

NOMENCLATURE

C, C/M

1, i/c

D,

A, A/C

ACD

AUD C

BI

BSI

Cry D

CK and RD

CTI

EMI

ELC

FCD

FDAI

GPI

INT D

Crew station (simulated command module)

Instructors ' station

Digital computer

Analog computer

Antenna control display

Audio control

Barometric indicator

Booster situation indicator

Cryogenic display

Computer keyboard and readout display

Clock timer indicators

Entry monitoring indicators

Earth landing control5

Fuel cells display

Flight director attitude indicator

Gimbal position indicator

Integrated display

C-1
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IFTSSS

LEC

PDD 1

PDD 2

PDD 3

RCD

SC

SCS C

SCS PC

SPD

S/M QTI

TC

A VD

Note:

AMERICAN AVIATION, INC.

k

Inflight test system scan select

Launch escape control

Power distribution display No. l

Power distribution display No. 2

Power distribution display No. 3

Reaction control display

Separation control

SCS control

SCS power control

Service propulsion display

Service module quadrant temperature indicator

Telecommunication panel

Delta V display

Visual system not included in this table.

C-2
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Func tion

A 5

Aagc

ACS_n

ACS
SCS

A[),-

A P
C

Tabi_, C-t. Functional S\-stenns Integration

Pane]

ACD

Descr ' n].pLtO.

ACD

Antenna select (omn_--

dish]

Antenna AGC

SCS C

SCS C

AGO

ACD

Attitude control

guidance and na,_i-

gation mode select

Attitude control SCS

rhode select

Antenna dish control

( automat ic - manual,

deploy-retract)

,,\ _11 ¢ nilgl Do sitaon

control (up-down,

left-right)

Panel Status Remarks

Crew control signal to

digital computer, indi-
c n_- instrllcto rs '_~_, On to

station

Di_ital computer drive

to C/M and instructors

station panel meters,

noise tevel control of

communications channel

Active switch control

to A/C, indication to

I/C

Active switch--control

to A/C " t -,-, I[ICII C LI _lOn to

[/c

Crew control signal to

digital computer, indi-

calion to instructors

station

Cre,.E control co_Y]m&nds

to I9/C, indication to

t/C

L_

Input - Output

C

I

A

I

A

[

D

I

r_
tJ

I

z
0

I

>

>
z

>
<

o
z

o

+



Table C-I. Functional Systems Integration (Cont.)

Function Panel Description Panel Status Remarks Input - Output

AP i ACD

C)
Z

-r

1>

_9

O
!

d_

Aec

AC

B d

I

Cp

Cps

BI

CRY D

CK and RD

Antenna position

indication

Attitude axes'

emergency control

Aural cues

Barometer reading

Press re reading for

tanks i and 2

Computer program

select

Analog drive signal to

C/M and I/C, position

indication to digital

computer

Crew activation causes

manual commands to be

routed directly to

reaction jets, indication

of emergency mode to

I/C

Controlled by crew

actions and/or

instructor inputs from

the !/C

Computation in digital,

to ar_alog for drive,

indication to C/M and

I/C

Meter readings supplied

from I/C, instructor

adj us table

Crew control to digital

computer, indication to

the I/C

C

A--_D
I

I _ C

D = A

c= 1
I =

I -----_ C

g
m

;0

B
>

z

>
<

g
z

O

r2

z

;s

I

u
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Function

Cdc

Cki

Ct

CC

CDc c

O,.C'

[
Fable G-t. FunLtional Systems Integration (Conto]

Panel

CK and

RD

RD

CRY D

CK and

RiD

r-_,l< a n d

R D

SCS C

Dcsc ript_on

(3omputer controls,

crewmcmber discreet

commands or CoRtro!

(on-oil, error reset,

clear, verb, noun,

, -tr aci<)ellte r, +-ra.n _e -_

Computer input,

keyboard -_

Tem_perature reading

for tanks l and Z

Computer condition

Pa_._el Status Remarks

Crew conlrol to alia.it.it

computer, indication

to I;C

Crew control to di£itai

computer, indication

to I/C

st " ] __nS.i_ (error,

power fai_, AGC

fail, _nc zero)

Con_ Du.t e r display,

Meter readings supplied

from t/G, instructor

adjustable

Control from digt_<,_l

computer readout to

C .'J C _,V

Roll, pitch and yaw

channel disable

computer to C/M Rnd

!/C

Readout from di_Jital

computer to C/N't

and repeater at I/C

Active switch - , ontrol

_,o A.'C, indication to

!/C

input O_,it put

D

t

i ------_ C

___<c

z
0

7

,-m

2_

>
Z

>
<

>

6
Z

ff
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Table C-l. Functional Systems Integration (Cont.)

Function Panel Description Panel Status Remarks input - Output

CRY D G = I

C)
Z

-r

O,
I

£y.

O1.

c_
P_

CHZso

CHzi

CO2ecs

COzfc

COZso

COzi

CRY D

CRY D

CRY D

CRY D

CRY D

H 2 shut-off control

for H2 flow to fuel

cells (tanks i, 2)

H Z isolate control for

connecting tank mani-

folds (in and out)

0 2 supply control for

isolating either 'ECS

supply line from the

manifold (line l or

line 2)

O g supply control for

isolating either

supply line from the

fuel cell system

O g supply control for

isolating the O Z

tanks from the

manifold

O Z isolate control for

connecting the tanks

manifolds

Operable switches with

indication to I/C

Operable switches with

indication to I/C

Operable switches with

indication to I/C

Operable switches with

indication to I/C

Operable switches with

indication to I/C

Operable switches with

indication to I/C

C =I

C =I

C -_I

C _.D.-- I

Fa

c_

>
z

<

8
z

fi
C_

>

k
S

?.
ir
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m
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]able C-] Fvmctiona] 5vs'-- _ ' ., . te.m tntcsratlon (Con!)

Function Panel Desc_'ir)tion })anel S .... u_ Rema._'k_ Input Output

CSis CRY D C------_ i

C i- c, 1,2, 3,

CCL

CDUcms

CDUcmi

CDUmms

Cryogeruc systen]

indica.tion select (0)

tanks or H, tanks)

NAV STA

NAV STA

Corn n]un] cation s,

crew members to and

from I/C

Computer condition

navigationlights,

station

CDU computer

(auto) mode select

Multiplex switch in (7/N,!

to route selected sv_tepn

readings to n_eters,

selection indication to

the I/C

Instructor may commun-

icate with each crew

member individually

and vice-versa

Computer controlled as

a function of prepro-

grammed or instructor

inserted malfunctions,

repeater indications to

the I/C

Crew activated switch

with indication to I/C,

k_on[rol tO COmDUtC'F

NAV STA

NAV STA

CDU computer

(auto) mode

indication

CDU manual mode

.qelcct

Operating mode

indicat ion to C / Nf

and l/C

Crew acti\,_lea switch

with indication _o !/C,

control to computer

C

I

D

I

C
f

D-----% i

T
I

Z

>

K

>
z

>
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5
z
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Table C- i.

Function

CDUzes

CDUca s

CDUfas

CDUIs

CDUacs

Panel

NAV STA

NAV STA

NAV STA

NAV STA

NAV STA

CDUmas

CDU zei

NAV STA

NAV STA

Functional Systems Integration (Cont.)

Description

CDU zero encoder

mode select

CDU coarse align

mode select

Panel Status Remarks

Crew activated switch

with indication to I/C,

control to computer

Crew activated switch

with indication, to I/C,

control to computer

CDU fine align

mode select

CDU lock mode

select

CDU attitude control

mode select

CDU manual align

mode select

CDU zero encoder

operating mode

indication

Crew activated switch

with indication to I/C,

control to computer

Crew activated switch

with indication to I/C,

control to computer

Crew' activated switch

with indication to I/C,

control to computer

Crew activated switch

with indication to I/C,

control to computer

Computer indic:ation to

C/Mand I/C of operating

mode during automatic

computer control

Input - Output

D

I

c ---kl

D

I

D

I

D

C

I

¢-D
C)
Z
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m z

0
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Function

CDUcai

CDUfai

CDUIi

CDUac i

CDUOc, ¢c, _c

cmu8, _, ¢,

T_.ble C-1. Functional Systems integration (Cont.)

Panel

N \V ST:',

NAV STA

NAV STA

NAV STA

NAV STA

NA V S T A

De scription

CDU coarse align

operating mode

indication

CDU fine align

operating mode

indication

CDU lock operating

mode indication

CDU attitude control

operating mode

indication"

CDU roll, pitch,

yaw angle command

(simulated crew

_imbal position

control)

CDU roll. pitch,

yaw angle (simulated

platform gimbal

P;_.ne! Status Remarks

Computer indication _o

C/Mand I/C of operating

mode during automatic

computer control

Cornouter indication to

C/M and !/C of operating

mode during automatic

computer control

Computer indication to

C/M and I/C of operating

mode during automatic

computer control

Computer condition to

C/Mand I/C of operating

mode during automatic

computer control

Crew input to computer

driving appropriate

CDU modes, instructor

station display repeats

crew station display

Computer driven display

during appropriate CDU

modes, repeater

angle) information to I/C

Input - Output

C

C

C

I
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Function

CDUee, _e, _e

CDUSsi, ¢si, #si

DBA 0, ¢,

DSIFI - 4

ESgn

ESsc s

ECObs I

ECObsZ

Table C-I. Functional Systems Integration (Cont.)

Panel Description Panel Status Remarks Input-Output

NAV STA

NAV STA

SCS C

AUD C

SCS C

SCS C

BSI

BSI

CDU roll, pitch, yaw

attitude error

CDU roll, pitch,

yaw angle manual

slew indications

Dead-band adjust roll,

pitch, yaw

Crew member, audio

system DSIF mode

control

Attitude control,

guidance and navi-

gation entry mode

select

Attitude control, SCS

entry mode select

S-I engine cut-off

S-II booster engine

cut-off

Computer driven display--

the difference between

commanded gimbal angle

and present gimbal posi-

tion, repeater at I/C

Indication to I/C of crew

operation of slew control

Active switch - control

to A/C, indication to

I/C

Indication to I/C

Active switch-- control

to A/C, indication to

I/C

Active switch control

to A/C, indication to

I/C

Digital computer con-

trolled indication to

C/M and I/C

Digital computer con-

trolled indication to

C/M and I/C

C =-I
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I
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I
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Table C-I. Functional Systems Integration (Cont°)

Function Panel Description Panel Status Remarks Input Output

ECOb s 3 BSI

ECSco2

ECScp

ECSsp

ECSct

ECS (gas)

di splay

ECS (gas)

dis play

ECS (gas}

display

ECS (gas)

display

ECSst ECS (gas)

display

S-IV booster engine

cut-off

Carbon dioxide,

partial pressure

Cabin pressure

Suit inlet manifold

pressure

Cabin temperature

Suit inlet manifold

tempe rature

Digital con_puter con-

trolled indication to

C/M and I/C

Meter reading supplied

from I/C, it will be

adjustable, duplicated at

I/C

Meter reading supplied

from I/C, it will be

adjustable, duplicated at

I/C

Meter reading supplied

from I/C, it will be

adjustable, duplicated at

I/C

Meter reading supplied

from I/C, it will be

adjustable, duplicated at

I/C

Meter reading supplied

from I/C, it will be

adjustable, duplicated at

I/C

C
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Function

ECSzSp

ECSscc

ECScbc

ECStc

ECSedt

ECScit

ECScot

Table C-1. Functional Systems Integration (Cont.)

Panel Description Panel Status Remarks

ECS (gas)

dis play

ECS (gas)

display

ECS (gas)

display

ECS (gas)

dis play

ECS (liq)

display

ECS (liq)

display

ECS (liq)

di splay

Suit circuit com-

pressor, inlet-outlet

differ ential pre s sure

Suit compressor

control

Cabin blower control

Temperature control

(cabin or suit)

E{,aporator outlet

(steam exhaust line

from coolant and air

circuit evaporators}

temp e rature

Coolant inlet

temperature

Coolant outlet

temperature

Meter reading supplied

from I/C, it will be

adjustable, duplicated at

I/c

Operable switch

position indication to

I/c

Operable switch

position indication to

i/c

Operable control

indication to I/C

Meter reading supplied

from I/C, instructor

adjustable, reading

duplicated at I/C

Meter reading supplied

from I/C, instructor

adjustable, reading

duplicated at I/C

Meter reading supplied

from t/C, instructor

adjustable, reading

duplicated at t/C

Input - Output

i ---C

C-------_ I

C _I

C I

I =C

I _-C
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Table C-l. Functional Systems Integration (Cont.)

Function P_:_ne I De sc r iption Pane i Status I%emar k s Input - Output

ECSc d I ---C

ECScr

ECSpc

EC,q "c

ECSwq

ECS (liq)

display

ECS (liq)

display

ECS (liq)

di splay

ECS (liq)

di splay

ECS (liq)

display

ELmc r ELC

Coolant discharge

volumetric rate

Coolant reserve

Coolant pump control

R.adiato r control

(I A and 13., g

A and B)

Portable water

quantity

Earth-landing main

chute release

Meter reading supplied

from I/C, instructor

adjustable, reading

duplicated at I/C

Meter reading supplied

from I/C, instructor

adjustable, reading

duplicated at I/C

Operable switch

indication to

instructors' duplicate

panel

Operable switches

indication to

instructors' duplicate

panel

Meter reading supplied

from I/C, adjustable,

duplicate indication at

I/C

Crew control to com-

puter, indication to

I/C
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C -------_ I
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Table C-I. Functional Systems Integration (Cont.)

Function Panel Description Panel Status Remarks Input - Output

ELmc d ELC

ELdrnf

ELhsj

ELa- s

ELri

FGh2fr

FCOZfr

ELC

ELG

ELG

ELC

FCD

FCD

Earth-landing main

chute deploy

Earth-landing drogue

mortar fire command

Earth-landing heat

shield jettison

Earth-landing system,

arm-safe switch

Earth-landing system,

ready indication

Fuel cells H 2 flow

rate

Fuel cells 0 2 flow

rate

Crew control to com-

puter, indication to

I/C

Grew control to com-

puter, indication to

I/C

Crew control to com-

puter, indication to

I/c

Crew control to com-

puter, indication to

I/C

Computer indication

to C/M and I/C

Adjustable meter

reading supplied from

I/C

Adjustable meter

reading supplied frorv_

i/c

fD
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Table C-I. Functional Systems Integration (Cont.)

Function

FCph

FC t

FCrp

!_anel

FCD

FCD

FCD

FC
rps FCD

FCts

FCphs

l

FCD

FCD

De sc ription

Fuel cell PH sensor

information

Fuel cells, tempera-

ture sensor display

Fuel cells regulator

outlet pres sure

Fuel ceils regulator

outlet pressure (02,

Ha, N2)

Fuel cells tempera-

ttlre sensors select

(skin, coolanL,

exhaust)

Fuel cells PH sensor

select

Panel Status P_emarks

Adjustable meter

reading supplied fron_

I/C

Adjustable meter

reading supplied from

I/C

Adjustable meter

reading supplied from

I/C

Multiplex switch in

C/M switches selected

reading to meter,

selection indication to

I/C

Multiplex switch in

C/M switches selected

reading to meter,

selection indication to

I/C

Multiplex switch in

C/M switches selected

reading to meter,

selection indication to

I/C

Input - Output
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Table C-l. Functional Systems Integration (Cont.)

Function Panel Description Panel Status Remarks

FCfr s FCD

FCri

FCsa

FCsis

FCpc

FCspc

FCD

FCD

FCD

FCD

FCD

Fuel cells flow rate

select (H 2 or O2)

Fuel cells reactants

isolate control

Fuel cells squib arm

(i, 2, 3), to fuel cell

gas supply shut-off

valve

Fuel cells, system

indication select

(fuel cells l, 2, or 3)

Fuel cell purge con-

trois for H Z and O g

Fuel cell system

(I, Z, or 3),pump

control

Multiplex switch in

C/M switches selected

reading to meter,

selection indication to

I/C

Operable switch with

indication to I/C

Operable switch with

indication to I/C

Selects which of 3 fuel

cells are displayed

and/or affected by panel

controls, selection

indication to I/C

Operable switch with

indication to I/C

Operable switch with

indication to I/C

Input- Output

C =I

C =-I

C =I

C =I

C ---I
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Table C-I. Functional Systems Integration (Cont.)

C_

z

o
7_

1>

z

<

0

z

2

0

u3

Function i_>anel De scription Panel Status Remarks input - Output

NAV STA I _ C
GNcl

HF 1-4

IFTSms

IDfs

IDpc

IDds

IDdc

INTR1-4

AUD C

IFTSSS

INT D

INT D

INT D

INT D

AUD C

Guidance and navi-

gation system con-

dition lights

Crew member audio

system HF control

In-fligh{ te st system,

mode-select (off-

scan)

Integrated display,

film select

Integrated display,

power control

Integrated display,

display select

Integrated display,

display control

Grew member audio

syste_T_ intercom

mode control

Instructor -controlled

indications correlated

with appropriately

inserted malfunctions

Indication to I/G

Active switch- control

to digital computer,

indication to I/G

Indication to I/G

Indication to I/C

Control and indication

to t/C

Instructor, from crew

selection, controls

displayed information

Indication to I/G

C _ I

C -_ I

G _ I

I--C

C _ !

+
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Function

IGNbsl

IGNb s Z

IGNbs 3

LESj

LO s

LVSscs

Table C-!. Functional Systems Integration (Cont.)

I
Panel

BSI

BSI

BSI

NAV STA

BSI

BSI

SCS C

Description

S-I booster stage

ignition

S-II booster stage

ignition

S-IV booster stage

ignition

Minimum impulse

control (roll, pitch,

yaw)

Launch escape

system jettison

Lift-off status (hold

down- separate)

Attitude control SCS

local vertical mode

select

Panel Status Ren_arks

Digital computer con-

trolled indication to

C/M and I/C

Digital computer con-

trolled indication to

C/M and I/C

Digital computer con-

trolled indication to

C/M and I/C

Control to analog com-

puter, indication to

I/C

Digital computer con-

trolled indication, to

C/M and I/C

Digital computer con-

trolled indication, to

C/M and I/C

Active switch- control to

A/C, indication to I/C

Input - Output
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Ta,_le C-l. F_mctional Systems Integration (Cont.)

Function Panel Descrlption Panel Status }{emarks Input - Output

LEri LEC

LEtri

LEnri

LEG

LEG

LEa_ s LEC

LESma LEC

LEC

SCS PC

LESta

MIG c

Launch escape s_stem,

ready indication

Launch escape system,

tower released

indication

Launch escape system,

tower not released

indication

Launch escape system_

arm-safe switch

Launch escape system,

motor activate

command

Launch escape system,

tower activate

command

Pitch-yaw gyro control

(on-off-auto)

Computer indication to

G/M and I/C

Computer indication to

C/M and I/C

Computer indication to

C/N'i and I/C

Crew control to com-

puter, indication to

I/C

Crew control to com-

puter, indication to

I/C

Crew control to com-

puter, indicai[on to

I/C

Active switch - control

to analog computer,

indication to I/C

C
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C
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C
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D
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D
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Table C-I° Functional Systems Integration (Cont.)

Function Panel Description Panel Status Remarks Input- Output

MA a LEC

0
2

yz-r

g

0

MTC i

MCLI-20

MFccl

MFccZ

Manual abort

activate

Manual thrust con-

trol (attitude or

translation)

indication

Master caution lights

Computer controlled

real function s

Preprogrammed or

instructor inserted

malfunctions, control

by digital computer

of analog computer

simulation

malfunctions

Crew control to com-

puter, indication to

I/D

Indication to I/C

signalling the use of

manual controls by the

crew

Instructor controlled as

a function of inserted

malfunctions, or corn _

puter controlled through

I/C as a function of pre-

programmed

malfunctions

Computer control

through I/C to C/M

Computer control

through analog com-

puter of preprogrammed

or instructor-inserted

malfunctions

D

I

C = I

I --C

D _-A
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MFic t,

MS si

MF i

_t able C-]. Functional Systems Inte:aration (Cont.)

Function Panel

ic2

PD D !

Description

Mission control (off-

standby- start - stop)

Instructor-controlled

malfunctions

Training complex

system status

indicators

Malfunction

indicators

Power distribution

fuel cell control,

BUS A: 1, 2, 3, off-on

BUS B: i, Z, 3, off-on

Panel Status Remarks

Instructor control of com-

puter complex for trainino

mission execution

Malfunction control ov

instructor through

di._ital computer

Computer indication_ to

instructor of systern

readiness parameters

Crew indicators ener-

gized as a result of

direct instructor-inserted

malfunctions, malfunc-

tions preprogrammed or

instructed through the

computers, or, malfunc-

tions computer controlled

through the I/C

Switches will be directly

connected to I/C, where

switch position will be

indicated on a duplicate

panel

Input - Output
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Table C-!. Functional Systems Integration (Cont.)

Function Panel Description

PDbb c P') D I

PDgpc

PDct

PDvac

PD-

PD D1

Power distribution,

battery bus control

BUS A: on-off

BUS B: on-off

BUS C: on-off

Power distribution,

ground power control

BUS A: on-off_

BUS B: on-off

PD D3

PD D3

PD D_

Power distribution,

component

temperature

Power distribution,

volts, ac

Power distribution

frequency

Panel Status Remarks Input - Output

C =ISwitches will be directly

connected to I/C, where

switch position will be

indicated on a duplicate

panel

Switches will be directly

connected to I/C, where

switch position will be

indicated on a duplicate

panel

Meter readings supplied

from I/C, capability for

instructor adjustment of

reading will be provided

Meter readings supplied

from I/C, capability for

instructor adjustment of

reading will be provided

Meter readings supplied

from I/C, capability for

instructor adjustment of

reading will be provided

C _--I
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7able C-1. Functional Systems integration (Cont.)

Ftu_ction _'_anel Descri_tion Panel S • _ ._ta_t,s Rcm.._'k_ Input - Outptu

i°' cts P[> D _ C _ I

PDIac s

PDIacr

PDbis

P')_dci

PDbcs

PD O 3

PD DB

PD D3

PD _) _L D

PD D{

Power distribution,

component tempera-

ture select

Power distribution

inverter a-c bus

select

a-c BUS 1: 1,2, 3

a-c BUS Z: i, fi,3

Power distribution

inverter, a-c bus

readings

l°owe r distributlon,

bus indicated select

Power distribution

select, d-c input to

inve rte r

Power distribution,

select batteries for

char ge

Multiplex switch in C/M

routes selected re _{:ing

to meter, selection

indicated on instru_:tor

station duplicate panel

Crew selection indicated

at I/C

Readings supplied by

I/C, instructor

adjustable

Selects appropriate a-c

bus readings for meter,

indication to I/C

Indication to I/C

Indicatton to I/C

C--I

I --C

C--I

C _ I
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Table C-I. Functional Systems Integration (Cont.}

Function

PD
ps

PDacf

PDIoh

PDvdc

PDcdc

PDis

Panel

PD D3

" 3)P_ D3

PD D3

PD D2

PD D2

P,D Ol

Description

Power distributlon,

select a-c phase for

meter display

Power distribution,

a-c bus failure

Power distribution,

inverter overheat

Power distribution,

d-c voltage

Power distribution,

d-c current

Power distribution,

indicator select, (fuel

ceil 1,2, and 3,

batteries A, B, and C,

main bus A and B,

battery charger, or

post-landing bus)

Panel Status Remarks

Multiplex switch in C/M

routes selected readings

to appropriate meters,

indication to I/C

Instructor controlled

indication

Instructor controlled

indication

Meter readings supplied

from I/C, capability for

instructor adjustment

will be provided

Meter readings supplied

from I/C, capability for

instructor adjustment

will be provided

Multiplex switch in the

C/M routes appropriate

reading to meter,

selected quantity indicated

at I/C duplicate panel

Input - Output
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Table C-I. Functional Systems Integration (Cont.)

Function Panel Description Panel Status Ken-:arks Input - Output

PDuv r PD DZ C : I

PDuvi

PDbc

PShra, b

PF
q

POq

PSfm

PD D2

PD D2

SPD

SPD

SPD

SPD

Power distribution,

under voltage reset

Power distribution,

under voltage

indication

Power distribution,

battery control

Helium regulator

control

Pr opulsior_ fuel

quantity

Propulsion oxidizer

quantity

Propulsion system

fuel mixture

Reset co_..trol to I/C to

override instructor-

5inserted unde r-vol_a.e

indication

Instructor -controlled

indication

Crew selection indicated

at I/C on a duplicate

panel

Crew control to analog

computer, indication

to I/C

Analog .controlled

function

Analog controlled

function

Crew controlled function

to analog computer,

indication to I/C

C _ I
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Function

PR

PFtp

POtp

PFip

POip

PHtp

PHtt

PSqdc

PCMfs

Table C-I. Functional Systems Integration (Cont.)

Panel

SPD

SPD

SPD

SPD

SPD

SPD

SPD

SPD

TC

De sc ription [

Propellant ratio

Fuel tank pressure

Oxidizer tank

pre s sure

Fuel inlet pressure

Oxidize r inlet

pressure

Helium tank pressure

Helium tank

temperature

Propulsion system

quantity display
control

Telecommunications

system PCM format

selection (3 states)

Panel Status Remarks

Analog computer driven

under crew control,

duplicate indication to

I/c

Instructor adjustable

reading from I/C

Instructor adjustable

reading from I/C

Instructor adjustable

reading from I/C

Instructor adjustable

reading from I/C

Instructor adjustable

reading from I/C

Instructor adjustable

reading from I/C

Multiplex switch to

select reading, selection
indication to I/C

Operable switches with

indication to I/C

ii_,,,ii!_i/:iii!<i/_illi!i!i!_il/_i_!iiiii!i_I!iil/i/i<i;i _

Input - Output
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Table G-l. Functional Systems Integratio_ (Cont,)

Function Panel Description Panel Status l_emar_-_._ In put - Output

F<A s -iv S C;

P_A snl

RAiem

RTG c

KGpc

RSbs3

KHtpa, b, c, d

SC

SC

SCS PC

SCS PC

BSI

RCD

Separation control,

S-IV retro activate

Separation control,

SM retro activate

Separation control,

LEM retro activate

Rate gyro control,

(on-auto-off)

l%ate gyro control,

(on-auto-off)

S-IV booster restart

Reaction control

system, helium tank

pre s sure

Crew control _o com-

puter, indicationto

i/C

Crew control to com-

puter, indication to

I/C

Crew control to com-

puter, indication to

I/C

Active switch - control

to analog computer,

indication to I/C

Active switch- control

to analog computer,

indication to I/C

Digital copnputer con-

t rolled indications, to

C/M and I/C

Instructor adiustable

reading from I/C

...--_--L

D

I

_, D
C -_______

\
l

c____fD
I

A

T

I _C

w

7
O

m

x

>
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z
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<
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Z
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Table C-l. Functional Systems Integration (Cont.)

Function

RHRopa, b, c, d

RSpta, b, c, d

RFq

ROq

RCSica, b, c, d

RCSdsa, b, c, d

RCSmfa, b, c, d

Panel

RCD

RCD

RCD

RCD

RCD

Description

Reaction control

system, helium regu-

lator outlet pressure

Panel Status Remarks

Instructor adjustable

reading from I/C

RCD

RCD

Reaction control

system, package

temperature

Reaction control

system, fuel

quantity

Reaction control

system, oxidizer

quantity

Reaction control

system, propellant

isolate control

Reaction control

system, display

Instructor adjustable

reading from I/C

Analog controlled

function, reading to

C/M and I/C

Analog controlled

function, reading to

G/M and I/C

Crew controlled func-

tion to analog com-

puter, indication to

I/C

Multiplex switch to

C/M to select displayed

L_

system, A, B, C, orD

Reaction control

system, malfunction

indication

quantities, selection

indication to I/C

Analog computer indica-

tion to C/M and I/C as

a function of inserted

malfunctions

Input - Output

I_C

I ------_ C

I :--A
C-- I

C _ I

L-}
{2}
2

Z

Z

8
>

Z

<

8
Z

fi
0

i/
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Table C-1. Functional Systems Integration (Cont.]

RCSss

RSAfc

RSAa_s

REdct

REdc 2

REdc 3

RE1

Function Panel Description Panel Status Remarks Inpm - Output

RCD

RCD

RCD

EMI

EM!

m TM_

E MI

Reaction cor_trol

system, select (C/M

or S/M)

Reaction system, C/M

activation fire

command

Reaction system,

C/M activation-arm-

safe switch

IKeentrv display con-

trol, (star.t-stop,

reset)

Reentry display con-

trol (auto-off.

override)

Reentry display con-

trol Icalibrate)

FZeentry display lift

Crew control to analog

simulation of RCS,

indication of selection

to I/C

Crew control to analog

simulation of RCS,

indication of selectfon

to I/C

Crew control to analo_

simulation of RCS,

indication of selection

to I/C

Crew control to analog

computer, indication

to I/C

Crew control to analog

computer, indication

to I/C

Repeater indication to

I/C

Control from analoc,

computer, indication to

G/M a:_d I/C

I

A

I

c___7
I

A

I

C -----_ I

C
/

A ------_

I

z

0

g

z

1>
<

1>

0
2

z

O

+

7

)
T

f

T

7
T
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Function

RE_

REdd

SCS m

SEPbs I

SEPbs2

SEPbs3

SCr

Table C-I. Functional Svstems Integration (Cont.)

Panel

EMI

EMI

SCS C

De sc ription

Reentry display,

_ravity loading

Reentry display,

display drive

Attitude control,

monitor mode select

Panel Status Remarks

Control from analog

computer, indication to

C/M and I/C

Control from analog

computer, indication to

C/M and I/C

Active switch- control

to analog computer,

indication to I/C

BSI

BSI

BSI

SC

S-I booster

separation

S-II booster

separation

S-IV booster

sepa ration

Separation control,

ready indication

Digital computer con-

trolled indication to

C/M and I/C

Digital computer con-

trolled indication to

C/IVi and I/C

Digital computer con-

trolled indication to

C/M and I/C

Computer indication

to C/NI and I/C

Input - Output

C

I

C

I

C

I

C

I

C

I

0
Z
-T'I

Z

0
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Table C-I. Functional Systems Integration (Cont.)

Function

SCc/m and s/m

SClem

SCbaj

SCba s

Sga_ S

Panel

SC

SC

SC

SC

SC

SMsj SC

SMpa SC

Description

Command module

service module

separation control

Separation control,

lunar excursion

module

Separation control,

service module

booster adapter

jettison

Sepa ration control,

booster adapter

separation (service

module )

Separation control,

arm-safe switch

Separation control,

service module shroud

]ettison

Separation control,

S/M posigrade

Panel Status Remarks

Crew control to com-

puter, indication to I/C

Crew control to com-

puter, indication to I/C

Crew control to com-

puter, indication to I/C

Crew control to com-

puter, indication to I/C

Crew control to com-

puter, indication to I/C

Crew control to com-

puter, indication to I/C

Crew control to com-

puter, indication to I/C

Input - Output

D

I

D

I

D

I

_D

I

z
o

>

>

<

>

6
Z

C:

X

<



SCSpc
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SMqts
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Table C-I. Functional Systems Integration (Cont.)

F_nc tion Panel

SCS PC

S/M QTI

S/M QTI

CTI

SPD

Description

Stabilization and

control system

power control

Service module quad i

rant temperature

reading

Service module quad-

rant temperature -

quadrant select

Precision time

signal (l pulse/

second)

Chamber wall temper-

ature "HI"

Translation axes '

emergency control

Panel Status Remarks

Active switch- control

to analog computer,

indication to I/C

Reading supplied from

the I/C, adjustable,

duplicated at I/C

Multiplex switch in C/M

to select appropriate

quadrant, selection

indicated at I/C

Common time signal

from the digital computer

to all digital-type clocks

in C/M and at I/C

Instructor-controlled

indication

Crew activation causes

manual commands tO be

routed directly to

reaction jets, indication

of emergency mode to

I/C

Input - Output

A

I

I ------_ C

C -------_ I

C

I

I -------_ C

A

O
Z

I

t_

Z

>

<
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S
Z

O
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Q
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Table C-I. Functional Systems Integration (Cont.)

Function Panel Description Panel Status Remarks Input - Output

TMao NAV STA C _ I

TMp

TM b

TM e

E
TCas

TCai

Tins

NAV STA

NAV STA

NAV STA

NAV STA

NAV STA

TC

IMU temperature

mode, select auto-

override mode

IMU temperature

mode, select pro-

portional mode

IMU tempe.ratu_e

mode, select back-up
mode

IMU temperature

mode, select

emergency mode

IMU temperature

control circults,

adjustment select

(zero-gain)

IMU tempe rature

control circuits,

adjustment indication

Tele communications

system mode select

(7 movie s)

Control indication of

selection to I/C

Control indication of

selection to I/C

Control indication of

selection to I/C

Control indication of

selection to I/C

Selection indication to

I/C

Indication to I/C

Operable switches with

indication to I/C

C -----_ i

C _ I

C ------_ I

C = I

C -_I

C r-I
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Tpc

Zoc

Zrc

Vpc

Function

Tsec

VHF-AM1-4

Table C-1. Functional Systems Integration •(Cont.)

Panel

I
TC

TC

TC

TC

TC

AUD C

NAV STA

De scription

Telecommunications

system power con-

trol (5 states)

T ele communication s

system oscillator

control (3 states)

T ele communications

system tape recorder

control (6 controls)

Telecommunications

system recovery

systems select and

controls (3 controls)

T ele communication s

system systems

e quipme nt control

(6 controls)

Crew member audio

system VHF-AM

mode control

Viewer power control

Panel Status Remarks

Operable switches with

indication to I/C

Operable switch with

indication to I/C

Operable switch with

indication to I/C

Operable switch _with

indication to I/C

Operable switch with

indication to I/C

Indication to I/C

Indication to I/C of

viewer status (ON-OFF)

Input - .Output

C -- I

C =- I

C -------_ i

C ----_ i

C =- I

C ----_ I

C_
O
Z
-I"I

Z
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Table C-I. Functional Systems Integration (Cont.)

Function Panel

Vfs NAV STA

Vds NAV STA

XTR1-4

:KC t, _fC t, ZC t

AVSg n .

AVSscs

• ,,i , , ,

AUD C

SCS C

SCS C

De sc ription

Viewer film selector

Viewer display

selection

Crew member audio

system transmitter

mode control

X, Y, Z, axis control

command

Attitude control,

guidance and naviga-

tion system AV mode

Panel Status Remarks

Indication to I/C of crew-

selected film

Indication to I/C of crew

selection of diqrreet

display contained on

selected film. (This

enables the instructor

to set up his display to

correspond with the

crew display)

Indication to I/C

Left armrest control

at control station and

center station in C/M

Input - Output

C -- I

C _ I

select

Attitude control,

system AV mode

select

SCS

Active switch control

to analog computer,

indication to I/C

C = I

C ------_ A

Active switch control

to analog computer,

indication to I/C
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Function

_Vufc

Vuf i

AVefc

_Vefi

AVeco

AVir

&Vrq

T able C- I.

Panel

AVD

AVD

AVD

AVD

_VD

AVD

AVD

Functional Systems Integration (Cont.)

Description

Nine rgency ullage,

fire command

Emergency ullage,

fire indication

Engine fire command

Engine fire indication

Engine cut-off

Integrator reset

Required velocity

setting

Panel Status Remarks

Crew command to analog

computer

Crew command indica-

tion to I/C

Crew or automatic

command to analog

compute r

Command indication to

I/C

Crew or automatic

command to analog

computer, indication

to I/C

Crew command to

digital computer,

indication to I/C

Crew setup information

to digital computer

repeater, indication to

I/C

Input - Output

C, = A

C------_ I

manual

C- --_A

automatic

D _C

I automatic

and manual

D corn

I ind

D

I
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Z
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_Vtv

_V r
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Table C-I. Functional Systems Integration (Cont.)

Panel

_VD

AVD

GPI

GPI

FDAI

FDA[

Description

Tail-off correction

setting

Velocity correction

remaining

Propulsion engine

pitch and yaw gimbal

angle command

Panel Status Remarks

Propulsion engine

pitch and yaw gimbal

angle

Roll,

attitude
pitch and yaw

pitch and yawRoll.

a t t it u de rate

Crew setup information

to digital computer

repeater, indication to

I/C

Digital computer drive

to countdown velocity

correction

Crew control to analog

computer simulation of

the engine gimbal

control loop

Indication of engine

gimbal position to C/M -

and I/G from analog

simulation of gimbal

control loop

Drive signal to C/M

and I/C from analog

computer simulation of

SCSor guidance and

navigation

o_

Drive si_nat to C/M

and I/C from analog

computer simulation

SCS or guidance and

navigat, ion

Input - Output

C

I

C _A

C

A-_<
t

C
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Table C- I.

, , , , j,, ,,

Function Panel

OE, _m, _E FDAI

t

0Ca, _C a, _C a

Functional Systems Integration (Cont.)

FDAI

Description

Roll, pitch and yaw

attitude error

Roll, pitch, and yaw

axis attitude control

command

Panel Status Remarks

Drive signal to C/M

and I/C from analog

computer simulation of

SCS or guidance and

navigation

Right armrest control

at control station and

center station in C/M.

Provisions for use at

navigation station

Input -Output

C- -_- A

C_
O
Z

x

>

+ m

B
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S
Z
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